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FIRST      COMMISSIONER 
OF    T  HE 

'       Boards  of  Admiralty  and  Longitude. 


M  Y    L  O  R  D, 

WHILE  the  public  voice  Is  unanimous  in  applaud- 
ing your  humanity  towards  the  Artificers,  in.  general,  of 
His  Majefty's  Dock-yards,  and  your  attention  to  reftore 
the  Royal  Navy  of  Britain  to  the  refpecStable  Hate  frotn 
which  it  had  been  fuffered  to  decline  lince  the  laft 
War,  Philofophers  not  only  admire  thefe  noble  acfls, 
but  likewife,  your  generous  encouragement  to  improve 
Geographical,  Nautical,  and  Natural  Knowledge. 

A  Such 


D  ♦£    D    I    C    A    T     I     O    N. 

Such  exertions  of  your  LordflHp's  extraordinary 
Mental  and  Official  Abilities,  will  undoubtedly  be  tranf- 
mittcd  with  honour  to  the  lateft  poflerity :  And  your 
laudable  example  muft  jnfpire  a  regard  for  Works  in-* 
tended  to  promote  public  utility* 

The  Author  of  ne  Elements  tf  Navigation,  not- 
withftanding  the  favourable  reception  which  the  former 
imprcflions  have  met  with  from  Britifh  Mariners,  thinks 
himfelf  extremely  happy  that  this  improved  Edition  is 
permitted  to  appear  under  your  Lordfhip's  Patronage. 

That  you  may  long  enjoy  the  Opportunity  as  well  as 
Inclination  of  promoting  ufeful  Arts  and  Learning,  is  a 
hope  fincerely  entertained  by. 


My  Lord, 

Your  Lordship's 
moll  obedient 

and  humble  Servant, 


Noy.  1.1772,  Jolin  Robertfon. 


T  O    T  H  E 
RIQHT    WORSHIPFUL 
Sir  ROBERT  LADBROKE,  Knt.  Alderman, 
PRESIDENT; 


THE 


WorHiipful  THOMAS  BURFOOT,  Efq. 
TREASURER; 

And  Ihe  reft  of  the 

WORSHIPFUL  GOVERNORS 

OF 

Chrift's  Hofpital,  London: 

This  Book,  containing  the  Elements  of  Navigation, 
and  a  Treatife  on  Marine  Fortification,  firft  pub- 
liilied  for  the  Ufe  of  the  Children  in  the  Royal  Ma- 
thematical School,  when  they  were  under  my  Care, 
is,  as  a  grateful  acknowledgement  for  paft  favours, 
addrefled  by 

Your  WORSHIPS'  mofl  humble  Servant, 


Nov.  1.1772.  John  Robertfon. 


A    D  V  E  R  T  I  S  E  M  E  N  T. 

IN  this  Edition,  the  Editor  has  carefully  correfled  the  er- 
rors which-  had  crept  into  the  former;  he  has  recomputed  the 
Tables  in. Book  V.  Art.  308,  309,  and  310,  of  the  Sun's  Lon- 
gitude, Right  Afcenfion,  and  Declination,  and  has  alfo  re- 
vifed,  as  far  as  his  materials  extended,  tiie  Geographical  Ta^le, 
and  added  the  names  of  fuch  places  as  his  own  obfervations, 
or  thofe  of  other  perfons,  have  furnifhed  him  with  ;  fo  that 
he  flatters  himfelf  it-  is  the  moft  extenfive  and  correal  of  any 
extant.  On  the  whole,  he  prefumes,  this  Edition  will  be  found 
as  worthy  of  the  approbation  of  the  public  in  general,  and  of 
feamen  in  particular,  as  thofe  which  were  primed  under  th*? 
Author's  infpe(5lion. 


THE 


P     R     E      F     A     G     E. 


-  IT  having  leen  -part  of  my  emptoyment  for  many  years  faft^  id 
inftru5i  youth  in  the  theoretical  and  -pratfical  parts  of  Navi^ 
gation  J  1  was  naturally  led  to  draw  up  rules  and  examples  fit- 
ted to  the  years  and  capacity  of  thf  fcholar :  J'ome  of  the  precepts^ 
from  tim€  to  time  were  altered j  according  as  I  had  obferved  hov» 
they  were  comprehended  by  the  majority  ,  of  my  pupils ;  until  ai 
length  I  had  put  together  a  Jet  of  materials y  which  I  found  fuffi- 
cient  for  teaching  this  Art.. 

Upon  my  being  intrufled  ly  the  governors  of  Chrifl's  Hofpital 
(in  the  beginning  of  the  year  iy4.S)  ivith  the  care  of  the  Royal 
Mathematical  fchool  there  ^  founded  by  King  Charles  the  fee  end,  I 
had  a  great  opportunity  of  experiencing  the  method  I  had  before, 
iifed  i  and  finding  it  fully  anfwered  my  expe^fationi  1  determined 
to  print  it  for  the  ufe  of  that  fchool :  but  as  thoje  children  are  tot 
be  inflru5led  in  the  mathematical Jciences^  on  which'  the  art  of  Na^ 
vigation  is  fouvdedy  I  judged  it  proper^  on  their  account  y  to  intro- 
duce the  fubje^s  of  Arithmetic^  Geometry ^  Trigcnonietry^  <fjc.  for 
which  reafon^  this  treatife  is  diflinguifloed  by  the  title  (7/ Elements 
cf  Navi2:a!:ion. 


ti 


After  my  appointment  {in  the  year  ij ^s)  ^^  ^'^  lead  mafler  of 
the  Royal  Marine  Academy  at  PortJmoiUh,  founded  by  King  George 
the  fecond^  I  aljo  found  that  ihh  look  teas  fuffxie7itly  inielligibls 
to  beginners  of  middlijig  cap(:c::-:ss ;  and  therefore^  in  the  fecond 
edition,  in  lie  year  776.1,  //■."  :r:"nrer  in  wlich  it  was  frit  com- 
pofcd  u-'.'/j  continued,  except  the  1  e-:vo\:i;:g  cf  the  book  of  AJircncmy, 
from  hciiig  the  Hth.  into  the  place  of  the  c^th.  ;  zvhcrehy  the  bcoks  of 
Plane  Sailing,  Globular  Sailing,  and  Days  IVorks^  wuich  iogcth'cr 
nearly  comprehend  the  clrt  cf  Ncjignticn,  f^,i^u'.o  in  fucceffion, 
There  -were  indeed  feme  varict'.ons  in  the  modes  of  cxpriffion  m  a 
few  places;  hut  the  additions  in  e-very  Icoh  -^^^re  vuidc  raiJer  to 
extend  the  notions  of  learners,  than  to/appL  a.r;  dificinuy  -i: anting 
in  the  jonrcr  rd:;-.cn  ;  except  Jomc  cf  the  additions  vi  the  <^ih,  book, 
which  ■i!.:e/e  no^jC  well  hnoi^i  at  the  time  cf  the  ji'fl  unpreffiGn. 

A  3  The 


X  PREFACE. 

^he  work  is  divided  into  ten  parts  or  hooks,  each  being  a  dijlinSf 
trea/i/e  i  the  preceding  ones  contain  the  neeejfary  elements  which 
are  wanted  in  thoje  that  follow.  The  demonfiration  of  the  feveral 
proportions  are  given  as  concifely  as  I  could  contrive^  to  carry  with 
them  a  fufficient  degree  of  evidence :  'Throughout  the  whole  of  the 
elementary  parts ,  brevity  and  per/picuity  were  conjidered  j  but  the 
praSlical  parts  are  more  fully  treated  on,  and  intended  to  include 
every  tifeful  particular,  worthy  of  the  mariner's  notice. 

In  the  elementary  parts,  where  it  is  not  eajy  to  introduce  ncji 
matter  y  there  will  be  found  the  common  principles  treated  in  a  man^ 
nevy  which,  it  is  apprehended,  is  better  adapted  to  beginners  j  and 

Juch  new  lights  thrown  on  fever al  particulars,  as  will  render  them 
more  obvious  than  in  the  view  wherein  they  have  been  commonly 

Jeen, 

The  Ireatife  of  Fortification  annexed,  is  the  refult  of  many  years 
application ;  and  is  delivered  in  a  very  different  mode  from  what 
other  writers  have  taken  -,  for  among  the  multitude  which  I  have 
Jeen,  they  generally  begin  with  the  fortifying  of  a  town,  the  inofh 
difficult  part  of  the  art,  and  end  with  works  the  mofl  eafy  to  con- 
trive and  execute :  Herein  the  works  of  the  fimplefl  conflruSiion 
are  begun  with,  and  the  learner  gradually  advanced  to  the  fortify- 
ing of  a  town  :  Indeed  the  limits  chofen  for  this  tra5l  have  cau/ed 
fame  articles  to  be  briefly  mentioned,  and  others  to  be  totally  omitted; 
ncverthelefs,  it  is  conceived  that,  in  its  prefent  ftate,  it  may  be  of 
conftderable  ufe  to  Marine  Officers,  and  even  furnifh  fome  hints  not 
altogether  unworthy  the  notice  of  the  Gentlemen  of  the  Army. 

The  Maritime  parts  of  thcfe  Elements,  contaijied  in  the  vii^'', 
vlli*^,  and  ix'*"  books,  ere  alfo  delivered  in  a  manner  Jomewhat  dif- 
ferent from  what  is  fern  in  other  writers ;  who,  for  the  mofl  part 
copying  from  one  another,  have  not  much  contributed  towards  per^ 
felting  the  art  of  Navigation  ;  the  w?-iters  indeed  have  been  many, 
hut  the  improvei'S  have  been  very  ftw  -,  Wright,  Norwood,  and 
Hal  ley,  having  done  the  mofl  of  what  has  been  dijcovcred  fince  a 
Utile  before  the  beginning  of  the  \']th  century  :  Hcivcvcr,  in  the 
method  here  taken,  it  is  apprehended  that  the  proper  judges  will  find 
fome  few  improvements,  as  well  in  the  art  itfelf  as  in  the  manner 
of  ccmmu7iicating  it  to  learners. 

The  common  treat] fes  of  Navigation,  which,  on  account  of  their 
J  mall  bulk  and  eafy  price,  are  vended  among  the  Britijh  Mariners, 
jam  net  to  be  written  with  an  intention  to  excite  in  their  readers  a 

defire 


PREFACE.  ^ 

dejtre  io  fttr/ue  the  Sciences^  farther  than  they  an  handled  in 
thofe  books  ;  fo  that  it  is  no  wonder  our  Jeamen  in  general  had  fa 
little  mathematical  knowledge -y  for  the  perfon  who  could  keep  a 
trite  journal^  formed  on  the  mcfl  eafy  occurrences y  has  been  reckoned 
a  g€od  artifh  \  but  whenever  thofe  occurrences  have  not  happened^ 
the  journal iji  has  been  at  a  lofSy  and  unable  to  find  the  fhip^s  place 
with  any  tolerable  degree  of  precifion ;  andjuch  accidents  havepro" 
bahly  contributed  to  the  difirefs  which  many  fhips  crews  have  expe^ 
risncedy  and  which  a  little  more  knowledge  among  them  might  have 
prevented,  or  at  leafi  have  leffenedt 

About  the  middle  of  the  i  (>th  century ,  Navigation  began  to  be 
tonfidered  as  an  art,  in  a  great  meqftlre  dependent  on  the  Mathe^ 
matical  fciences  ;  and  on  fuch  a  plan  has  it  been  cultivated  by  the 
labours  of  the  mofi  judicious^  who  have  applied  themf elves  towards 
its  perfection ;  and  although  the  art  has  been  enriched  by  the  ohjer-^ 
vations  of  fome  learned  men  in  different  nations,,  yet  it  hasfo  hap-^ 
penedy  that  the  chief  of  the  improvements ,  and  particularly  the  ma-' 
thematical  ones  *,  werefirji  publifkcd  in  Britain^ 

Into  this  work  are  colleSled  mofly  if  not  ally  of  the  ufeful  and  cU" 
fious  particulars  relating  to  the  art  of  Navigation ;  there  are  alfo 
interfperfed  hiftorical  remarks  of  inventionsy  with  the  names  of 
many  eminent  men,  and  their  works  -,  thefe  were  intended  as  in-^ 
centives  to  infpire  learners  and  our  feamen  with  a  defire  not  only  of 
knowing  the  things  herein  treated  of  from  their  foundations^  but  of 
pufhing  their  inquiries  into  fuch  other  parts  of  the  fciences  as  may 
procure  to  themf  elves  pleafurey  profit  y  and  refpe^ly  and  render  them 
more  ujful  to  their  country  by  the  [kill  rejulting  from  fuch  ac- 
quifitions. 

I  have  always  thought  that  the  chief  motives  which  ought  to  in-- 
duce  a  perfon  to  appear  as  a  writer  floould  bCy  either  that  he  has 
fomething  new  to  publifhy  or  that  he  has  arranged  the  parts  of  a 
known  fiihjeEl,  in  a  method  more  regular  and  ujeful  than  had  been 
done  before  \  in  either  of  thefe  cafes  he  cannot  be  a  proper  judge, 
unlefs  he  has  feen  the  pieces  extant  on  that  fubje5ly  or  at  leafi y  thofe 
«/  the  moji  eminent  authors  already  publifhed :  On  thefe  principles 
I  was  led  to  examine  what  had  been  done  by  the  different  writers 
mt  Navigation  j  and  having  perufed  mofl  of  their  books y  of  which  X 


*  Sec  the  following  diHertation.  *^ 

A  4  (fuld 


xii  PREFACE. 

(Ottid  gei  inform ation^  I  b^d  an  opportunity  of  dijcovering  the  fieps 
by  which  this  art  has  fifen  to  its  prefent  ptrfeoiioriy  and  confequently 
of  ^no'juing  the  moji  material  parts  of  t^e  hijlory  of  its  progrefs : 
Among  other  things^  I  could  net  avoid  remarking  a  m'l flake  which 
has  crept  into  many  of  the  modern  books  of  Navigation  ;  which  is, 
that  Wriglu'j  invention  of  making  a  true  fe a- chart  was  Jlolen  by 
Mercator,  and  publifhed  as  his  own.  I /ufpe£l  this  flory  had  its 
rife  in  a  book  printed  in  the  year  1675  by  Edward  Sherburne,  f«- 
titled  *'  The  Sphere  of  Marcus  Manilius  made  an  Englilh  Poem, 
with  Annotations  and  an  Aftronomical  Appendix." 

My  enquiries  into  thefe  matters  induced  the  late  learned  Dr» 

James  Wilfon  to  review  and  complete  his  obfervations  on  the  fame 

Jubje^y  and  produced  his  Differ tation  on  the  Hijtory  of  the  Art  of 

Navigation  ;  which  he  zvas  pleafed  to  give  me  leave  to  publifh  with 

thejecond  edition  of  this  work. 

There  are  few  perfons,  however  knowing  and  careful.^  who  may 
not  commit.^  and  overlook.^  inadvertencies  in  their  own  compofitionSy 
zvhich  may  be  dijcovered  by  ethers :  therefore  at  my  requefl  the 
greatefi  part  of  the  manufcript  for  the  firji  edition  was  read  and 
examined  by  two  of  my  friends  *,  well  acquainted  with  the  theory 
/  nd  praB'ice  of  Navigation  \  who,  by  their  judicious  obfervations, 
enabled  me  to  improve  fever  al  articles  :  Some  part  of  the  additions 
■!o  the  id  Edition^  received  much  elegance  and  perfpicuity  through 
: he  friendly  advice  and  communications  of  the  late  learned  Dr, 
Henry  Pemberton,  F.  R.  S. 

The  Jcccnd  Edition  cf  thefe  Elements  having  alfo  been  well  re- 
ceived by  the  Pttllic  ;  Dr.  Willbn  took  the  pains  to  revije  his  Dif- 
j'cri'atioii,  which  he  improved  in  many  par  titulars  :  And  I  have 
idfo  endeavoured  to  retain  their  favourable  opinions  of  my  labours^ 
]^j  giving  Compendiums  for  performing  the  operations  of  the  new 
i.iitbods  of  finding  the  latitude  and  longitude  of  a  fnp  at  fea  ;  and 
hc'jnc  other  alterations  and  additions  which  I  conceived  would  ren- 
.l:r  this  third  Edition  more  generally  ufefiil. 


*  Wiliiam  Mour.talne,  Efq.  I'\  R.  S.  niiJ  iMr.  William  Payne. 
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——P.  63, 1.  28,  29,  and  10,  for  BC,r.  ac. P.  71,  1.  4,/or— ,  r.  — . .. 
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P-  I32>  1.  9y  for  ABS,  r.  ABX-  ;  1.  28,  for  af,  r.  fr,  and  for  ar,  r. 
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for  A/,  r.  AC. P.  223,  1.  4,  for  vili  ^r  ix,  r.  viii  ^  iv. P.  225,  1. 
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V  O  L  U  M  E     II. 

P.  144,  1.  2,  10,  z^,  4T,  42,  and  44,  for  Napeir,  r.  Napier. P.  301,  1.  4 

and  I,  for  Regulus,  r.  Spica  Virginis., P.  307,  1.  6,/e/- enlightened  limb, 

r.-cenicr.-.— -P.  351,  1.  9  and  i6,/i>/IV.,r.  VI. 


D  I  S  S  E  RT  AT  I  O  N 

ON     THE 

-      RISE     AND     PROGRESS 

O  F     T  H  E 

Modern   ART    of   NAVIGATION. 


IT  has  been  much  difputed  to  whom  the  world  was  obliged  for  the 
mariner's  compafs.  A  late  Italian  writer  indeed  contends,  after 
many  *,  that  the  honour  of  the  invention  is  due  to  Flavlo  Gioja  of 
Jmalfi  in  Camp<mia^  who  lived  about  the  beginning  of  the  14th  cen- 
tury t,  though  others  fay  it  came  from  the  Eaft,  and  was  earlier  known 
in  Europe  %.  However  that  may  be,  it  is  certain,  this  wonderful  dif- 
covery  gave  rife  to  the  prefent  art  of  navigation  ;  which  feems  to  have 
made  fome  progrefs  during  the  voyages,  that  were  begun  in  the  year 
142c,  by  Henry  Duke  of  Vijcv  ||.  This  learned  Prince,  brother  to  Ed- 
ward King  oT Portugal^  was  particularly  knowing  in  cofmography,  and 
fcnt  for  one  mafter  James  from  the  ifland  of  Majorca,  to  teach  naviga- 
tion, and  make  inftruments  and  charts  for  the  fea§, 

Thefe  voyages  being  greatly  extended,  the  art  was  improved  under 
Lhc  fuccceding  monarchs  of  that  nation.  For  Roder'ic  and  yofeph.,  phy- 
f.cians  to  King  yohn  the  Second,  together  with  onfc  Mariln  de  Bcbcmla, 
^  Pcrtuguefe  native  of  the  ifland  of  iv?/^/,  fcholar  to  RegiotnontaKus,  about 
the  year  1485,  calculated  tables  of  the  Sun's  declination,  for  the  ufe  of 
the  failors,  and  recommended  the  aftrolabe  for  taking  obfcrvations  at 

The  famous  ChriJIophcr  Columbus  is  faid,  before  he  attempted  the  dlf- 
covcry  of  y/w^r/t^,  to  have  confukcd  Alartin  d:  Bohemia^  v/irJi  other?, 
and  during  the  courfc  of  his  voyage  to  have  inftrudted  the  Spaniard:^  in 

I — — — — 1 ■  — - — »« 

*   Saitahle  to  ihat  verfe  oS  Panncrm:tat:a, 

P  imn  dedit  na.it is  ujum  mngncli  Ama^.phii. 
I    See  Sigrvor  f^r.'^^^ar/o  <7r/w<7.V/'s  Diffcrtation  on  tliis  fubjecl  in  the  Memoin 
of  the  Eiri'/cufi  Academy  of  Corlona,  torn.   iii.  p.  193,   primed  at  R.ms  in 

\    Hi^oire  des  Malhematiqyes,  far  M.  Montucla,  a  Pa'is,    I  75  3. 
!|   MatiafiiC  Hilt.  UiJ'pan.  lib,  xx.  cap.  1 1  ■  and  lib.  xxvi.  c.ip.  1  7.  M gunt'.f, 
ir.c.;. 

§   Decados  d'Afia  par  j.  di  Burnos,  lib.  xvi.  i  5 'z. 

%\    MtjJ'ai  Hiltor.  Indii.  liUi.  p.  6.  printed  at  plorenct  ia  15C8. 

\ ni..  I.  •  :i  navigation  ; 
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navigation  *;  for  the  improvement  of  which  art,  the  Emperor  Charlet 
the  Fifth  afterwards  founded  a  led^ure  at  Seville  f. 

Thtr  variation  of  the  fea-compafs  could  not  be  long  a  fecret.  Columbus^ 
on  the  14th  of  September  149?.,  obfcrved  it,  as  his  fon  Ferdinand  7ii{![Qn%  if, 
though  others  feem  to  attribute  that  difcovery  to  Scbnjiian  C^hot  ||.  And 
as  this  variation  differs  in  different  places,  Gonzales  a  Oviedi  found  there 
was  none  at  the  Az'.res^  ;  where  fome  geographers  have  thought  fit  in 
their  maps  to  rrjake  their  lirli  meridian  to  pafs  through  one  of  thofe  iflands; 
it  not  being  then  known,  that  the  variation  altered  in  time.' 
'  The  ufe  of  the  Crofs- Staff"  now  began  to  be  introduced  amongfl:  the 
Sailors.  This  very  ancient  inftrument  being  dcfcribcd  by  "Johft  JVerner 
of  Nuremberg^  in  his  Jnn:!'at}o>!S  on  the  firft  book  of  Ptole/ny's  Geography, 
printed  in  1514;  he  recommends  it  for  obferving  the  dirtance  between 
the  Moon  and  fome  ftar,  in  order  thence  to  determine  the  longitude. 
Weryier  feems.to  hive  been  the  greateft  geometer,  as  well  as  aftronomer, 
of  the  time.  In  1522,  he  publifhed  a  tratt  ^,  containing  a  fpecimen  of 
the  conies,  with  fome  folid  problems,  and  alfo  he  there  determined  the 
precefTion  of  the  equinox  more  exactly  than  it  had  been  done. 

But  the  art  of  navigation  ftill  remained  very  imperfect,  from  the  con- 
flant  ufe  of  the  plane-chart,  the  grofs  errors  of  which  mufl  have  often 
mifled  the  mariner,  efpecially  in  voyages  far  diflant  from  the  equator.  Its 
precepts  were  probably  at  firfl  only  fet  down  on  the  earlicft  fea-charts,  as 
that  cuftom  is  continued  to  this  day  ;  and  larger  directions  have  been 
\ifually  premifed  by  the  Dutch^  to  collections  of  their  charts  called  JFa' 
goner's^  from  the  name  of  the  publifher  :  Hie  Dutch  call  thefe  col- 
lections alfo  by  many  other  aftedted  titles,  fuch  as  Fiery-Columns,  Sea- 
Bcaccns,  Mirrors^  /itlajfes,  &c. 

At  length. there  v/etc  publiflied  in  Spanifb  two  trcatifes,  containing  a 
fyftcm  of  the  art,  v/hich  were  in  great  vogue  j  the  iirit  by  Pedro  de  Aledina 
at  Va'ladolid^  i  545?  called  Jrte  de  tJaue^.ar-,  the  other  at  Sroiile^  in  1556, 
by  Martin  Coi'tes,  with  this  title.  Breve  Compctidio  de  la  Spkera,  y  de  la 
Arte  de  Naucgar  con  nueuos  Injlrnrncntos  y  Reglas.  The  author  of  this  laft 
tract  fays,  he  compofed  it  at  Cadiz  in  154.5. 

Thefe  feem  to  have  been  the  oldclt  writers,  who  had  fully  handled 
this  fubject ;   for   Medina,   in  his   dedication    xo  Philip  i^nnce   of  Spain, 


*  La  Biilorla  general  y  natural  Je  lis  Indias  par  Gor.za'Ie.-^  de  Miedo,  en 
Scvilla,  1535.  Ar.d  Defcriptione  de  Jas  Lidias  Occidentile,  de  Antonio  de 
Herrera,  en  Madrid,  1601. 

-[■  HucJdi,yt,  in  the  dedication  of  his  firfl  volumi.'  of  Voyages,  printed  in  1599. 

\\nCoh<t?thu'.H  life  v.Ticien  in  Spar.ifb,  which  is  very  fence,  but  it  v/as 
printed  in  Italian  at  Venice  in  1571. 

II  See  Llvio  Satiuto's  Geograpbia,  at  the  farr.e  place  in  15S5.  Dr.  William 
Ciioe'i,  de  Mciontt?,  Lotidor.,  1600;   and  Purchases  Ptlg'im,  in  1625,  vol.  I. 

§  Cabct,  :;  renttian  by  birth,  firfl  ferved  our  King  licivy  the  feventh,  then 
the  King  of  Spain,  and  laftiy,  returning  to  England,  he  was  conilitutcd  grand 
pilot  by  King  Ed^.ijard  \\ic  fixth,  with  an  arinua!  lalary  of  above  160  pounds. 
Of  this  famous  navigator  and  his  expeditions,  many  wriieis  have  made  men- 
lion,  bo.h  foreigners  and  F.vghfn,  as  Peter  Martyr,  Ramufeo,  H'rrsra,  Hoiin- 
JJsfd.  Lord  Bacon,  and'parcicularly  Hackliiyt  and  Purchase  in  their  CoUedions 
of  Voyages. 

Si   O'er  a  Malhmatica  at  Nuremhrg»  in  quarto. 

laments. 
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laments,  that  multitudes  of  ftiips  daily  pcrlfhed  atfea,  becaufe  there  were 
neither  teachers  of  the  art,  nor  books  by  which  it  might  be  learnt ;  and 
Cortes^  in  his  dedication,  boafts  to  the  Emperor,  that  he, was  the  firft  who 
had  reduced  navigation  into  a  compendium^  enlarging  much  on  what  he 
had  performed  *. 

Medina  gave  ridiculous  dire<£lions,  how  to  guefs  at  the  place  of  the 
horizon,  v/hen  it  could  not  be  feen  ;  as  alio  he  defended  the  errors  of  the 
plane-chart,  and  advanced  againft  the  variation  of  the  magnetic  needle 
luch  abfurd  arguments,  as  Arijhtle  and  his  followers  had  done  to  prove 
the  impofllbility  of  the  Earth's  motion.  But  Ccrtes  briefly  and  clearly 
made  out  the  errors  of  the  plane- chart,  and  feemed  to  refledl  on  what  had 
been  faid  againft  the  variation  of  the  compafs,  when  he  advifed  the  ma- 
riner rather  to  be  guided  by  experience,  than  to  mind  fubtle  reafonings. 
Befides  he  endeavoured  to  account  for  this  variation,  in  imagining  the 
needle  to  be  influenced  by  a  magnetic  pole  (which  he  called  the  point 
attraiRiive)  different  from  that  of  the  world,  and  this  notion  has  been  far- 
ther profecuted  by  others. 

However,  Medina^  book,  being  perhaps  the  fifft  of  its  kind,  was  foon 
tranflated  into  Italian^  French^  and  Flcmifn  f,  ferving  for  a  4ong  time  as 
a  guide  to  navigators  of  foreign  countries. 

But  Cortes  was  our  favourite  author,  a  tranflation  of  whofe  work  by 
A^r.  Richard  Eden  was,  on  the  recommendation  of  that  grcrt  navigator 
Mr.  Stephen  Borrough^  and  the  encouragement  of  the  Society  for  making 
difcoveries  at  fea,  publifhed  at  London  in  1561  :  which  underwent  va- 
rious impreflions  J,  whilil  that  of  Medina^  though  tranflated  within 
twenty  years  after  the  other,  feems  to  have  been  negleded,  notwith- 
ftanding  the  encomiums  bcltowed  on  it  bv  Mr.  "John  Frainbton^  the 
tranflator. 

A  fyilem  of  navigation  at  that  time  confiTted  of  fomc  fuch  particu>ars  as 
thefe:  An  account  of  the  P/^A'ot,j/c  hypothecs,  and  the  circles  of  the  fphere; 
of  the  roundnefs  of  the  Earth,  its  longitudes,  latitudes,  climates,  and 
eclipfes  of  the  luminaries  ;  a  kalendar  ;  how  to  find  the  prime,  epadl, 
^^c.  and  by  the  iaft  the  Moon's  age,  and  thence  the  tides  ;  a  defcriptioii 
ct  the  fea-compafs,  not  forgetting  the  loadftonc,  with  fomething  about 
the  variation,  called  its  north-cnfting  and  north-wefting,  ftir  the  difco- 
vering  of  which,  by  night  as  well  as  by  day,  Cortes  faid,  an  inlirument 
might  be  eafily  contrived  j  tables  of  the  Sun's  declination  for  four  years  §,■ 

*  The  learned  Don  AV^c/a  Antonio,  in  his  Bibiidheca  Hij'panica,  printed  at 
Rome  in  1672,  torn.  t.  p.  ^23.  puts  down  a  bo>.k,  intiticd,  7raJadj  de  /a 
^if-hera )  dd  marear  on  el  rcgunento  de  las  alturas,  written  by  Francijco  Falero, 
a  Port.'g  eje,  and  printed  at  Seville  in  1535  ;  but  perhaps  there  ii  a  millake 
in  the  (iate.     I-Ic  a!fa  mentions  an  cXxiion  o{'  Corin  in  \^^i- 

t  \hi^  Italian  and  French  tranflatioris  were  print;'d  in  1551,  the  fn;!  nt 
i'ni'ce,  the  other  at  L\ons  ;  the  Flemijh  edition,  I  have  fccn,  was  at  Jnti>.crp 
in  1580;   perh-jps  it  had  been  printed  before. 

I   In  the  latter  editions  fomc  miflakcs  in  the  tranHation  are  correiled. 

§  Cortes  fets  down  the  places  of  the  Sut>for  a  twelvemonth,  with  a.'i  eiiin- 
tiOn-table  to  corrcdl  thof:^  places,  fervii  fr  for  many  years  to  come  ;  aid  alfo 
iaothcr  tabic  to  f^nd  the  Sar-'s  declinr.ti.m  fro;n  hi*  longitude  being  given. 

a  2  ii^ 
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in  ortler  to  find  the  latitude,  from  his  meridian  altitude  ;  to  do  the  fame 
thing  by  thofe  tailed  the  guard-ftars  in  the  north,  and  the  croiicrs  in  the 
fouth  ;  of  the  courfe  of  the  Sun  and  Moon  ;  the  length  of  the  days  ;  of 
time  and  its  divilions  ;  to  find  the  hour  of  the  day,  and  by  the  Rodlurnal 
that  of  the  night ;  and  laflly,  a  dcfcription  of  the  fea-chart,  on  which  to 
difcover  where  the  fhip  is,  ihcy  made  ufe  of  a  fmall  table,  that  fhewed, 
upon  an  alteration  of  one  degree  in  the  latitude,  how  many  leagues  were 
run  on  each  rhumb,  together  with  the  departure  from  the  meridian.  Be- 
Jidcs  fome  inftrumcnts  were  dcfcribed,  efpecially  by  Cortes;  as  one  to 
find  the  place  and  declination  of  the  fun,  with  the  days  and  place  of  the 
Moon  ;  certain  dials,  the  aftrolabe  and  crofs-flaft',  with  a  complex  ma- 
chine to  difcover  the  hour  and  latitude  at  once. 

And  after  this  manner  the  art  continued  to  be  treated,  though  from 
time  to  time  improvements  were  made  by  the  following  authors. 

As  TVerner  had  propofed  to  find  the  longitude  by  obfervations  on  the 
Moon  ;  fo  Ge7Kina  Frijius,  in  a  tra6t  intitled  De  Principiis  y^jironomiee  et 
Cofjnograph'iiv,  printed  at  y/H/w^r/)  in  1530,  advifed  the  keeping  of  the 
time  by  means  of  fmall  clocks  or  watches  for  the  fame  purpofe,  then,  as 
he  fays,  lately  invented.  He  alfo  contrived  a  new  fort  of  crofs-ftaff,  which 
he  defcribes  in  his  trcatifc Di?  Radio  Jjhonomico  et  Geometrico,  printed  at 
the  fame  place  1545,  and  in  his  additions  to  Pi:ier  Jpian'?.  Cofniography, 
gives  the  figure  of  an  inftrument,  he  calls  a  Nautical  ^uadranty  as  very 
lifeful  in  navigation,  promifing  to  write  largely  on  the  lubje6t  j  accord- 
ingly, in  an  edition  he  made  <?««?  1553,  [of  his  above-mentioned  book 
De  Principiis  yijlronomiec.  Sec.  he  delivers  fevcral  nautical  axioms^  as  he 
calls  them,  which  with  fome  alterations  were  repeated  by  his  fon  Cornelius 
Gemrtia^  in  a.poflhumous  piece  of  his  father  on  the  Univerfal y(/irolabe, 
publifhed  in  1556.     Gemma  Frifius  died  in  1555,  aged  4.5  years. 

With  us  Dr.  IViUia^n  Cunningharn^m  his  C'^Jhiographieal  Glafs^  printed  in 
1559,  aiTiongft  other  thm:??  briefly  treats  of  na\igation,  efpecially  fbew- 
ing  the  ufe  of  the  Nautical  ^iadr<n:t^  much  praiiing  that  inrtrunicnt. 

But  a  greater  senius  than  thefc  unclertook  this  fubjeil;  for  the  famous 
mathematician  Pedro  Nuvcx,  or  Nonius^  having  fo  early  as  ic37pub- 
liflied  a  book,  written  '\i\  the  Portuguefe  language,  to  explain  a  difficulty 
in  navigation  propofed  to  him -by  the  commaiulcr  Don  Martin  Jlphonjo 
ck  Sufa;  which  was  thirty  years  after  printed  :'.t  Bafil,  in  Latin,  with  the 
.idJition  of  a  fccond  book,  the  v,'hc;le  intitled  de  Arte  et  Ratione  Navi- 
gandi;  where  \w.  cxpofes,  both  truly  avA  Icariiedlv,  t'r.e  errors  of  the  plane- 
chart;  and  befides  gives  the  foliition  o\  il-vcru!  curious  Aftronomical  Pro- 
blems, among!}  v.'liich  is  that  of  ocLrrmining  tlu  latitude  from  two  obfer- 
fi:-r\'ations  oi"  th^  Sun's  altitude  and  the  intermediate  azimuth  being  given. 
He  alio  deli\'ers  nijny  ufeful  advices  about  the  art  of  navigation,  parti- 
cularly how  to  perform  its  operations  on  the  globe.  He  obfervcd,  that 
tiiough  the  t'blique  rhumbs  are  fpiral  li;-ies,  yet  the  oirc^rt  courfe  of  a  fhip 
wlil  always  be  the  arch  of  fome  great  circle,  whereby  the  angle  v/ith  the 
meridians  \k\\\  continually  change  ;  al!  that  the  fcecrfmau  can  here  do 
for  the  prefcrvij-j;  of  the  original  rhumb  is  to  correiSt  thefc  deviations,  as 
i.  on  as  they  appear  fenfible.  But  thus  the  Tnip  will  in  reality  defcribe  a 
Luurfc  v.'ithout  the  rhumb-line  intended  ;  and  therefore  his  calcul.niuns 
io:  uiugiiing  the  latitude,  wheje  any  rhu:nb-linc  crvfies  the  fcvc.al  me- 
ridians, 
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ridians,  will  be  m  fome  meafure  erroneous.  He  alfo  again  fets  down  his 
method  of  dividon  of  a  quadrant  by  concentric  circles  *,  which  he  had 
defcribed  in  his  ingenious  treatife  de  Crepiifculis,  printed  in  1542,  ima- 
gining it  had  been  pra6tifed  by  Ptole7ny.  There  were  alfo* added  other 
tracts  of  his,  but  the  completed:  edition  of  his  Latin  works  was  made  by 
himfelf  at  Coimbra  in  1573.  His  treatife  oi  Algebra^  written  in  Spanijh, 
was  printed  zt  Antwerp  fix  years  before. 

In  1577  Mr.  William  Bourne  publiHied  his  treatife  f,  intitlcd,  A  Re-- 
giment  for  the  Sea,  which  he  defigned  as  a  fupplement  to  Cortes,  whom 
he  frequently  quotes.  Befides  many  things  common  with  others.  Bourne 
gives  a  table  of  the  places  and  declinations  of  thirty-two  principal  ftars, 
in  order  to  find  the  latitude  and  hourj  as  alfo  a  larger  tide-table  than 
that  publifhed  by  Mr.  Leonard  Digges,  in  1556  J.  He  fliews,  by  con- 
fiderins;  the  irrea;ularities  in  the  Moon's  motion,  the  errors  of  the  faiiors 
in  finding  her  age  by  the  epa(51: ;  and  alfo  in  their  determining  the  hour 
from  obferving  upon  what  point  of  the  compafs  the  Sun  and  Moon  ap- 
peared. He  advifes  in  failing  towards  high  latitudes  to  keep  the  rec- 
koning by- the  globe,  as  there  the  plane-chart  errs  mod.  He  defpairs  of 
our  ever  being  able  to  find  the  longitude  by  any  inltrument,  unlefs  the 
variation  of  the  compafs  fhould  be  cauftd  by  feme  fuch  attracStive  point, 
2.S  Cortes  had  imagined.  'J'hough  of  this  he  doubts,  and  as  he  had  fliev/n 
how  to  find  the  variation  of  the  compafs  at  all  times,  he  advifes  to  keep 
an  account  of  the  obftrvations,  as  ufeful  to  difcover  thereby  the  place 
uf  a  fhip;  which  advice^he  famous  Simon  Stevin  profecuted  at  large  in 
a  treatile  publifhed  at  Leyden  in  1599,  intitied  Portuum  invejligandorum 
Ratio  Metaphraffo  J-Iugone  Grotio ;  the  fubftance  of  which  was  t!ie  fame 
year  printed  at  London  in  Englif,),  by  Mr.  Edvjard  Wright^  intitied  Tie 
Haven-Jinding  /ht. 

But  the  moli  remarkable  thing  in  this  ancient  tracl  is,  the  defcribing  of 
the  way  by  which  our  fii'ors  eiiimatcd  the  rate  a  fhip  made  in  lier  courfj, 
by  an  infirument  e;illed  the  log.  This  was  fo  named  from  the  piece  of 
wood,  or  log,  th.it  fl().us  in  the  water,  while  the  time  is  reckoned  during 
which  the  line  that  is  hiflened  to  it  is  veering  out.  The  author  of-this 
device  is  not  known,  and  I  find  no  farther  mention  of  it  till  1607,  in  an 
Lajl-lndia  voyage,  publiflied  by  Purchas  ;  but  from  that  time  its  name 
occurs  in  (;thcr  voya^rcs,  th:it  are  amongft  his  collections.  And  hence- 
forward it  became  famous,  being  taken  notice  of,  both  by  our  own  au- 
t"*-rs,  an.l  by  foreigners  j  as  by  Gu'ter  in  1623,  Snellitis  in  1624,  A4e- 
tius  in  1631,  Oughredxn  1633,  i^erigone  m  lb2-\-,  Salton/lciil  \n  l6'^6y 
A'j.-WQod  i;i  1637,  P-^ir?:ier  in  1643-,  and  indeed  by  almolt  all  the  fuc- 
cecding  writers  on  navigation,  of  every  country.  And  it  continues  to 
be  Hill  in  ufe  as  at  firii,   tliough  attempts  have  been  often   made  to  iin  - 

*  Tiie  adiiiirabie  uivifnn,  now  fo  much  in  ufe,  is  a  very  great  impK)V-;-Uij..c 
of  ihii  ;  fo  thit  when  tlic  funous  Dr.  El-nun^  Ha'ley,  the  Royal  Allronomcr, 
reived  that  by  adapti.  g  it  to  hi.  Mural  Arch,  fome  body  liere  named  it 
A  hui:  is,   in  v.hich  he  has  been  foMmveJ  by  many. 

f  He  had  ten  years  before  puhliOuJ  what  he  calls  Rules  of  Xaji^^atistJ,  Si 
appears  fo:n  !ii    Almanac,   printed  in   1571. 

X    In  his  treatli'e,  intitlcd,  A  Prognojlicutivi  everlajlin^,  fol.  23. 
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prove  it,  and  other  contrivances  propofed  to  fupply  its  place.     Many  of 
thefe  have  fuccecded  in  quiet  waterj  but  proved  ufelefs  in  a  troubled  fea. 

A  following  edition  of  this  book  was  rcvifed  by  the  author,  where,  in 
the  preface,  he  fets  forth  the  grofs  ignorance  of  the  old  fliip-maftcrs,  re- 
peating fome  of  the  infipid  jolts  they  made  ufe  of  to  juftify  their  wiuit  of 
knowled;»c  in  their  art.  Amoogft  the  additions,  he  enlarges  on  the  ac- 
count of  tlie  log-line.  And  at  the  end  fubjoins  an  Hydrographical  Dif- 
courfe  touching  the  five  feveral  Pajfages  into  Cathay. 

Jaourne  publiflicd  other  trails,  as  one  called  Inventions  or  Devifes,  where 
he  defcribcs  a  method  by  wheel-work  of  meafuring  the  velocity  of  a  Ihip 
at  Sea,  which  artifice  he  attributes  to  one  Mr.  Humfrey  Cole. 

hx.  Antwerp^  in  15B1,  Michael  Coignet,  a  native  of  the  place,  publifliod 
a  fmall  treatife,  in  titled,  InJhuSlion  nouvelle  dei  Points  plus  excellcnts  ^ 
necejj'aires  toiichant  V Art  de  Naviger  *.  "^Hiis  ferved  as  a  fupplemcnt  to 
Medina^  whofe  miftakes  Coignct  well  expofcd.  He  there  (hewed,  that 
as  the  rhumbs  are  fpirals,  making  endlefs  revolutions  about  the  poles,  nu- 
merous errors  muft  arifc  from  their  being  reprcfcnted  by  ftraight  lines  on 
the  fea-charts  ;  and  expreflcd  his  hopes  of  difcovcring  a  rule  to  remedy 
thofc  errors  ;  faying,  that  moft  of  the  fpcculations,  delivered  by  the 
great  mathematician,  Peter  Nonius.^  for  that  purpofe,  were  fcarce  pradli- 
cable  ;  and  therefore  in  a  manner  ufelefs  to  failors.  In  treating  of  the 
bun's  declination,  he  took  notice  of  the  gradual  decreafe  in  the  obliquity 
of  the  ecliptic,  a  point' long  difputcd,  but  now  fettled  from  the  theory  of 
attraction.  He  alfo  defcribed  the  crofs-ftaff  with  three  tranfverfe  pieces, 
as  it  is  at  prcfent  made,  which  he  acknowledged  to  be  then  in  common 
ufe  amongft  the  mariners  ;  but  he  preferred  that  of  Gemma  Frifius.  ,  He 
likewife  gave  fome  inflruments  of  his  own  invention,  which  are  now 
quite  laid  afide,  except  perhaps  his  no6lurnal.  As  the  old  fea-tablc, 
mentioned  above,  erred  more  and  more  in  advancing  tovvards  the  poles  ; 
he  fet  down  another  to  be  ufed  by  fuch  as  failed  beyond  the  60th  degree 
of  latitude.  At  the  end  of  the  book  is  delivered  a  method  of  failing  on  a 
paralkd  of  latitude  by  means  of  a  ring  dial,  and  a  24  hour  glafs  ;  on  v/hich 
tiie  author  very  much  values  himfelf. 

The  fiune  year  Mr.  Rohert  Norman  f  publifhed  a  difcovcry,  he  had 
lonn-  before  made,  of  the  dipping  of  the  magnetic  needle,  in  a  fmall  pam- 
phlet called  The  Neive  AttraSliiie^  where  he  fhews  how  to  determine  its 
quantity  ;  and  in  fpeaking  of  the  loadftone,  he  difputes  againll:  Cortss\ 
notion,  that  th.e  variation  of  the  compafs  was  caufed  by  a  point  fixed  Ui 
tlie  heavens,  contending  that  it  fhould  be  fought  for  in  the  earth,  and 
propofes  how  to  difcover  its  place.  He  alfo  treats  of  tl'.e  various  forts  of 
compaflcs,  fitting  forth  at  large  the  dangers  that  muft  ariie  from  the 
then  prevailing  practice  of  not  fixing,  on  account  of  the  variation,  t'le 
wire  directly  under  tht  Jioiver-de-lucc ;  as   compafles   made  in  diltcrcnt 


*  It  had  been  publifhed  in  Flemijh,  but  the  French  edition  i?  th:-  fulleit. 
Co'gnet  difd  in  1623,  Icavinj*  many  mathematical  manufcrij-ts,  ice  I'auyh 
AridrtfX  Bihlivihicti  Uilgica,   printed  at  Louvain  in   1643. 

t  He  is  commended  for  an  excellent  Artift  by  our  authors,  RsBcu--?r, 
Bnrr^ugh^  Sir  Humjrej  Gilbert,  H^es,  Potttr,  Bluude-ville,  Wright,  and  Dr. 
Gilbert. 

Q  countries 
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countries  have  it  placed  difFerently.     Bourne  indeed  had  warned  againft 
this  abufe,  and  there  are  many  things  common  to  both  authors. 

To  Nnnnani  piece  is  always  fubjoined,  xVIr.  TVill'iarn  Biirrough\<  D:f~ 
courfe  of  the  Variation  of  the  Cumpafs  or  Magneticall  Needle.  The  author 
had  been  a  famous  navigator,  having  ufed  the  lea  from  fifteen  years  of 
age,  and  for  his  merit  promoted  to  be  Controller  of  the  navy  by  Qj^icen 
Elizabeth  *.  He  fh?ws  how  to  determine  the  variation  feveral  ways, 
fetting  down  many  obfervations  of  it  made  by  an  azimuih-compafs  of 
Nar?nan's  invention,  but  improved  by  himfelf.  He  demonOrates  the 
falfhood  of  the  rules  commonly  ufed,  to  find  the  latitude  by  the  guard- 
flars.  He  particularizes  many  errors  in  the  then  fea-ciiarts,  occafioned 
by  the  neglecl  of  the  variation  ;  adding.  But  of  thcfe  ccajles  f  towards  the 
north),  and  ef  the  inxvarde  partes  of  the  countries  of  Ruiiia,  Aiufcovia,  <5cc. 
/  have  made  a  perfect  plat  and  defcription^  by  77iyr,e  oivne  experience  infufi- 
drie  voiages  and  travailes,  bothe  by  fea  and  lande  to  and  fro  in  thofe  partes, 
which  I  gave  to  her  MajejVie  in  anno  1578.  And  lalilv,  he  jurtly  finds 
fault  with  Coignef=,  inftrument,  called  a  nautical  hemifphere  \  but  fpeaks 
too  fevcrely  againll  the  writers  of  navigation,   concluding  thus. 

But  as  I  haue  alrieadie  fufj'ieientlie  declared,  the  cumpas  Jljevueth  not  ahvaies 
the  pole  of  the  worlde,  but  uarieth  f  an  the  fane  diver fy,  and  in  fay  ling  de- 
fer ibeth  circla  accordyngly.  IVhiche  thing,  if  Petvus  Nonius,  and  the  re/l 
that  haue  ivrittcn  of  Navigation,  had  jcintlie  confidered  in  the  tractation  of 
-their  rules  and  Injlruments,  then  ?night  they  haue  been  more  auaileable  to  the 
ufe  of  Navigation  ;  but  they  perceivyng  the  difficult  ie  cfthe  ihyng,  and  that 
if  they  had  dealt  thereivith,  it  would  have  utterly  overX'chelmed  their  frmer 
plaufible  conceits,  with  Pedro  de  Medina  (who,  as  it  app:areth,  hauyng 
fome  fmall  fufpicion  cf  the  matter,  reafmeih  very  clerkly,  that  it  is  not  ne.ef- 
jury  that  fuch  an  ahfnrdity  as  the  Variation,  fiould  be  admitted  in  fuch  an 
excellent  art  as  Navigation  is)  they  haue  all  thought  hejl  to  pafje  it  over  with 
flence. 

The  Spaniards  too  continued  to  publifli  trcatifes  of  the  art;  pnrticuhirly 
at  Seville  was  printed  in  1585  an  excellent  Compendium  by  RcJerieo  'La- 
morano  ;  wh'.ch  is  written  clearly  and  with  brevity,  not  being  incumbered 
with  fuch  idle  fi)eculatjo;is  as  abound  inJlfedina  and  Cortes.  The  author 
was  Royal  Lechirer  at  Seville,  and  contril;uted  much  to  the  reforming 
the  fca  clv.rts  ;  as  we  arc  told  by  his  fucccfl'or,  Jiidres  Garcia  de  Ccfpedes., 
who  alfo  pubiifiied  a  treatifb  of  navigation  -dt  Aladrid,  in  1606. 

As  globes  may  be  very  fcrvicea'ulc  for  the  mariner,  Mv.  Edward  AIul- 
lincux  let  forth  in  i  592,  at  the  charges  of  ivlr.  IVilUatn  Sanderfn  mer- 
chant i",  a  p;iir  much  larger  than  thofe  the  famous  geographer  Gerard 
iMercator  publiflicd  in  1541.  On  the  terrclhial  one  v.'cre  dcfcribcd  many 
new  difcovered  countries,  aud  traced  out  the  refpcctive  voyages  round 
the  world  by  Sir  Frcneis  Drake  in  1577,  and  Mr.  Thomas  Can  ^ij})  in 
1586,  with  the  progrels  hir  I'dartin  Frobijher  had  made  towards  the  north 
in  1^76,  to  a  place  culled  his  Straits. 
— ^ ' ^ —  '       — — «»— 

*    UacklytWoy^^GS,   vol.  i.  p.  4  17,   printed  in  1599. 
f  i\3;.  ^.a>tderfo,i  was  commended  for  his  knowledge  as  well  as  c^enerofitf . 
to  ingenious  ii;cii. 
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Thefe  globes  were  accompanied  with  a  tra(5l  containing  their  ufes 
written  in  Engitjb  ;  but  in  1594  Mr.  Robert  Hues  publiflicd  a  rnore  ela- 
borate one  in  Latin  ;  wherein,  amongil  others,  he  folvc*s  by  the  globe 
the  problem  of  determining  the  latitude  from  two  heights  of  the  Sun  ob- 
ferved  with  the  intermediate  time  being  given*;  and  in  the  lalt  part  of 
his  book,  he  performs  the  ufual  qucftions  in  navigation,  premifing  a  dif- 
courfe  on  the  rhumb-lines,  where  he  attempts  to  refute  what  Gemma 
Frifius  had  aflertcd,  who  fays,  that  they  meet  in  the  poles.  At  the  con- 
clufion  he  highly  praifes  a  treatife  of  Mr.  Thomas  Harlot.,  hoping  it  would 
be  foon  publiflied,  in  which  that  author  had  treated  of  tiiis  fubjeiSl  upon 
geometrical  principles,  with  great  fagacity  and  judgment.  But  all  tiie 
manufcripts  of  that  great  mathematician  were  lolt,  except  his  Art'i^  Ana- 
lyticts  Praxis,  which  was  publifhed  long  after  his  death  in  1631  ;  wherein 
is  firfl  advanced  that  idea  of  algebraic  equations,  which  has  been  ever 
fmce  followed. 

Hues  \  was  a  perfon  of  letters,  and  befides  had  been  far  at  fea.  Amongft 
other  curious  particulars,  he  gives  a  good  account  of  the  attempts  that 
had  been  made  at  various  times  to  meafure  the  Earth.  In  the  Epijile  to 
Sir  Walter  Rawley  he  takes  an  occafion  to  enumerate  the  many  difcoveries 
of  our  mariners  in  very  difFere^t  parts  of  the  world.  His  book  was  re- 
ceived with  great  appiaufe,  and  has  been  indeed  a  pattern  for  fuch  as 
afterwards  handled  the  fame  fubject.  It  has  been  often  printed  abroad, 
particularly  in  1617  with  the  notes  oifohn  Ifaac  Pontanus,  who  omitted 
the  EplJlle  and  the  mentioning  of  Hariot.  However  from  this  mutilated 
edition  it  was  tranflated  into  Englijh  by  one  Mr.  'John  Chilmead,  and  pub- 
liflied in  1639. 

Amongft  our  failors  none  were  more  famous  than  Captain  yohn 
Davis  X-i  who  gave  name  to  the  ftraits  which  he  difcovered ;  and  great 
matters  were  expected  from  his  long  experience  and  fkill.  In  1594  he 
publifhed  a  fmall  treatife,  intitled,  The  Seaman's  Secrets.  This  is  written 
with  brevity,  though  fomewhat  pedantically,  and  was  efteemed  in  its 
time,  an  eighth  edition  being  printed  in  1657  ;  fo  that  it  fcems  to  have 
fupplanted  Cortes.  Davis  treats  of  plane  failing,  calling  it  horizontal^ 
and  fets  down  the  form  of  keeping  a  reckoning  at  Sea.  He  like  wife 
fhews  how  to  fail  by  the  globe,  and  boalls  of  what  he  intended  to  do  ; 
much  commending    great  circle  failing,   without  defcribing  it,  as  alfo 

•  This  problem  has  been  difcuiTed  by  Dr.  Henry  PcmhertoK,  in  the  Philo- 
fophical  TranfaftioES,  vol,  li.  part.  zd.  i;6o,  p.  910,  where  he  has  alfo 
given  fome  inifroverr.ents  in  trigonometry. 

f  There  is  an  account  of  Hi.es  and  Hariot  in  Anthony  Wcod\  Aih:n.  Oxen. 
vol.  i.  printed  in  1721,   as  being  both  tnembers  of  that  Univerfity. 

X  Several  of  his  voyages  are  in  Hackiuyt\  zwl  Pwchas's  coWeCilon^.  He 
and  Cap'.ain  Alraham  Ki /itial  a.re  gre&tly  praifed  by  Sir  Robert  Dndler,  in  his 
Arcano  drl  Ma.e,  as  keeping  a  perfeA  reckoning  by  the  way  of  longitude  ^nd 
la.itude,  where  are  given  two  of  their  7c&r«<3//.  This  DudUy  was  a  natural 
■fon  of  the  threat  Earl  of  Leicejler,  and  had  commanded,  in  lyc^,  a  fl  et 
a;;ainft  the  Spaniards ;  but  retiring  to  Florence,  he  afTumed  the  titles  of  l^a'se 
ci  Ncrt hum' er land  and  Eirl  of  frarzvick.  His  Arcano  was  printed  at  that 
place  in  two  volumes  in  1646  and  1647. 

what 
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vi'hat  he  calls  paradoxal;  that  is,  by  a  projecSlion  on  the  plane  of  the 
equator  with  fpiral  rhumbs,  faying,  he  will  publifh  a  chart  for  that  pur- 
pofe.  But  above  all,  he  extols  the  ufe  of  calculations  in  the  cafes  of  na- 
vigation, and  promifes  to  handle  that  fubje(5l. 

At  xhe  end  of  the  book  is  given  the  figure  of  a  ftafFof  his  contrivance, 
to  make  a  back  obfervation.  Of  this  the  author  is  fo  vain  as  to  fay.  Than 
which  injlrument  {in  my  opinion)  the  feainan  Jhall  not  finde  any  fo  good,  and 
in  all  clymates  of  fo  great  certaintie,  the  invention  and  demonjlration  whereof^ 
I  Tiiav  boldly  challenge  to  appertain  unto  my  felfe  (as  a  portion  of  the  talcfit 
which  God  hath  bejiowcd  upon  me)  I  hope  without  alnfe  cr  offence  to  any. 

This  inftrument  feems  to  have  for  fome  time  been  in  uie  ;  for  Adrian 
MettHi^  in  his  treatife,  intitled  Ajlronomics  InJlitutio,\}rlnted  in  1605,  gives 
a  figure  of  it  from  an  original,  in  the  pofl'eflion  of  M.  Frederic  Hautman, 
governor  of  /hnboyna.  But  it  foon  yielded  to  one  of  a  more  comrnodious 
form,  which  is  now  commonly  called  Davis\  Quadrant  ^  ;  as  if  it  was 
alfo  of  his  invention,  and  that  perhaps  only  becauie  a  back  obfervation  is 
made  by  both  infiruments,  fo  the  quadrant  itfelf  was  at  firil  flyled  a  Stajf 
and  Back-Stajf. 

The  famous  traveller  Signor  Pietro  della  Valle  paHing,  in  1623,  frorji 
Ormus  to  Surat  aboard  an  Englijh  vcflel,  where  obferving  this  quadrant 
much  praciiftd  by  the  feamen,  as  it  was  quite  new  to  him,  takes  an  oc- 
cafion  to  fhew  its  ufe  very  diftintSlly,  and  fays,  they  told  him,  that  it  had 
been  lately  invented  arid  called  David's  Staff" \  from  its  author.  Alfo 
Captain  Charles  Saltonjiall,  in  his  Navigation,  defcribes  it  under  the  name 
of  a  Back-Staff  \  and  in  Captain  Thomas  jfanies's  famous  voyage  for  dif- 
covcring  a  north -weft  paflage,  begun  in  1631,  amongft  the  many  inflru- 
menls,  he  carried  along  v/ith  him,  are  mejitior.ed  two  of  Mr.  Davis's 
Back-Jlaves,  which  were  doubtlefs  thefc  quadrants. 

Contemporary  v.'ith  Davis  v/as  Mr.  Richard  Polter,  v/ho,  it  is  faid, 
had  been  a  principal  mafler  aboard  the  Royal  Navy.  He  wrote  a  very 
fmall  book  intitled  The  Pathway  to  Perfctl  Sailing,  where,  from  an  ob- 
fervation he  made  in  15H6,  he  v/ould  infer  i,  that  difi'erent  loadftones 
communicated  different  degrees  of  variation  to  the  magnetic  needle,  and 
therefore  defpifes  the  publifliing  obfervations  of  that  kind,  as  needlcfs. 
His  book  was  not  printed  till  1644,  nor  did  it  defcrve  to  be  publiflicd  at 
all,  as  it  abounds  with  miftakes,  and  is  written  fantaftically,  obfcurely  and 
arrogantly. 

But  all  this  while  the  plane-chart,  notwithftanding  its  errors  v/ .-re  fre- 
quently complair-.ed  of,  continued  to  be  followed  ;  as  its  ufe  is  eafy,  and 
fervcs  tolerably  well  in  fliort  voyages,  efpccially  near  the  equator. 


•   It  is  called  by  the  French  ^ucrtler  Anglils. 

\  Da%!:J  H/aff  che  In  lingua  Ingljc  nj.ile  a  dir  legncdi  David  yiaggi  ;  Part 
3.  l.ittsr  \.  a  Roma.  This  author  not  only  praiic?  tiie  Captain  Nicholas  IVuod- 
'  ■:k,  and  other  oilictrs,  but  alio  the  common  ("ailor.--,  for  their  care  and  Ikiil  ; 
and  fay?,  the  Partuguefe  lofe  great  nun.ber  of  fliipj  for  not  being  io  c.vuCt  in 
liit-ir  obf-rvations  as  the  Englijh. 

I  Tciha-?  he  (hould  have  thence  concluded  the  variation  altered,  as  was 
dilcovcicd  «f;e:\vards. 

However, 
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However,  a  way  to  remedy  thefe  errors  had,  for  fome  time,  been  in- 
'quired  after.  And  Gctrard  Mercator  fcems  to  be  the  fiifl,  who  conceived 
the  means  of  efFeciling  this,  in  a  manner  convenient  for  fcamcn,  bv  con- 
tinuing to  reprefent  both  the  meridians  and  parallels  of  hititude  by  parallel 
ftraight  lines,  as  in  the  plane-chart,  but  gradually  augmenting  the  diftances 
between  the  degrees  of  latitude  in  advancing  from  the  equator  towards 
either  j)ole,  that  the  rhumbs  alfo  might  be  extended  into  ftraight  lines,  fo 
that  a  ftraight  line  drawn  between  any  two  pjaccs,  laid  down  in  this  chart 
by  their  longitudes  and  latitudes,  fliould  make  an  angle  with  the  meridi- 
ans, exprcfling  the  rhumb  leading  from  one  to  the  other.  But  though 
Mercator^  in  1569,  fet  forth  an  univcrfal  map  thus  coiiftru(5led  *,  it  does 
not  appear  upon  what  principles  he  proceeded  ;  probably,  by  obfcrving  in 
aglobefurnifhed  with  rhumbs,  what  meridians  the  rhumbs  pafll'd  at  each 
degree  of  latitude.  That  he  knew  not  the  genuine  principles,  I  fhall 
make  evident ;  our  countryman,  Mr.  Edward  Wright^  was  certainly  the 
firft  who  difcovered  them. 

JVright  infinuates,  but  without'  fufficient  grounds,  that  this  enlarge- 
ment of  the  intervals  between  the  parallels  had  been  fuggefted  before  by 
Cortes  t,  and  even  by  Ptolany  himfclf. 

As  to  Cortes^  he  fpeaks  ot  the  number  of  the  degrees  of  latitude,  and 
not  the  extent  of  them  ;  for  his  cxpreHlon  amounts  to  no  more  than  this, 
that  the  degrees  of  latitude  arc  to  be  numbered  from  the  equator,  and 
confequently  both  northwards  and  fouthwards  from  that  line  the  numbers 
affixedto  them  muft  continually  increafe ;  and  from  anyplace  having  la- 
titude (fuppofe  Cape  St.  Vincent  in  Spain,  which  is  his  inftance)  the  de- 
grees of  latitude  will  be  denoted  by  numbers  increafing  towards  the  jwle, 
and  decreafmg  towards  the  equator.  He  had  before  exprcfsly  dirc(Scd, 
that  they  fliould  be  all  equal  by  nieafurement  on  a  fcale  of  leagues  adapted 
to  thfe  map  J. 

The  pallage  in  Ptokniy^,  referred  to  by  TFright^,  does  indeed  relate 
to  the  proportion  between  the  diftances  of  the  parallels  and  meridians, 
but  contains  no  fliadow  of  Mercator  %  fcheme  :  for  initead  of  propofing 
any  gradual  enlargement  of  the  diftances  of  the  parallels  in  a  general 
chart;  that  pafTage  relates  only  to  particular  maps,  and  is  more  diftifictly 
explained  in  the  firft  chapter  of  his  laft  book  ;  where  he  advifes  explicitly 
not  to  confine  a  f)  ll^m  cf  fuch  maps  to  one  and  the  fame  fcale,  but  to  plan 
them  out  by  a  different  m'eafure,  as  occailon  fhall  require,  with  this  only 
caution  ;  th;it  the  degrees  of  longitude  fliould  ineach  bear  in  fome  mca- 
fure  that  proportion  to  the  degrees  of  latitude,  which  the  magnitude  of 
the  refpective  parallels  bear  to  a  great  circle  of  the  fphere  ;  anS  fubjoins, 
that  in  particular  maps,  if  this  proportion  be  obfervcd  in  regard  to  the 

*  See  liis  life,  written  by  his  intimate  friend,  Gaulterus  Ghymmiusy  which 
wa^  prefixed  to  an  enlarge  J  edition  of  his  Alias,  publiihed  at  Duijhurg,  in 
'593'  ^>  ^■■'WfA//«  his  fon,  a  year  after  his  father's  death.  Gerrard  Mercator 
was  born  in  15  12., 

f  See  the  2d  chapter  of  Wright's  book. 

X  Part  3d.  cap.  zd.  fo).  5S.  il   Giograph.  lib,  ii.  cap.  i. 

%  In  an  advertifemsnt  fet  down  on  his  univerfal  map,  at  tlic  end  of  h;s 
fccond  edition  of  his  book;  and  in  this  niiilake  he  has  been  followed  by 
others. 

middle 
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middle  parallel,  the  inconvenience  will  not  be  great,  though  the  meri- 
dians fhould  be  ftraight  parallels  to  each  other  ;  wherein  his  defign  is 
plainly  no  other,  than  that  the  maps  fhould  in  fome  fort  reprefent  the 
figures  of  the  countries  they  are  drawn  for.  Mercdtor^  who  drew  maps 
for  Ptolemy's  tables  *,  undcrftood  him  in  no  other  fenfe,  thinking  it  an 
improvement  not  to  regulate  the  meridians  by  one  parallel,  but  by  two  ; 
one  diftant  from  the  northern,  and  the  other  from  the  fouthern  extremity 
of  the  map  by  a  fourth  part  of  ihe  whole  depth  ;  whereby  in  his  maps, 
though  the  meridians  are  ftraight  lir.es,  they  are  generally  drawn  inclining 
to  each  other  towards  the  pole. 

But  Aiercator's  univei-fal  map,  mentioned  above,  though  the  author  de- 
figned  it  for  the  benefit  of  failors,  was  fo  far  from  being  readily  adopted, 
thst  fome  of  the  moft  (kilful  amongft  them  obje&d  to  its  ufefulnefs. 
Thus  Mr.  Burrough  fays  of  it  —By  augmenting  his  degrees  of  latitude 
toivards  the  poles,  the  fame  is  more  ftte  for  fuche  to  heholde,  as  fiudie  in  cof- 
77iographie^  by  readyng  authours  u^on  the  landc^  then  to  bee  tfed  in  Nai'igation 
at  the  fea. 

And  Mr.  Thomas  Blundrville,  in  his  Brief e  Defcription  of  Univerfal 
Alappes  and  Ca^des,  firft  printed  in  1589,  gives  an  account  of  this  map, 
obferving  that  Barnardus  Piiteanus  of  Bruges  had  publifhed,  in  1579,  one 
altogether  like  it.  And  though  Blmideville  is  fo  particiilar,  as  to  fet 
down  numbers  cxprefling  the  diilances  betu'cen  each  parallel  of  latitude 
in  thofe  maps,  yet  he  feems  to  flight  them,  by  faying,  that  no  better  rules 
than  thofe  given  by  Ptolemy  can  be  devifed.  But  what  is  delivered  by 
this  geographer  about  the  conftruction  of  a  general  map,  is  a  very  indiffe- 
rent performance,  altogether  unworthy  the  author  of  the  Almagcjl,  and 
not  in  the  leail  correfponding  witli  the  f'gacity  fhewn  in  two  treatifcs  on 
the  Planifphere  and  Andlemma,  which  the  Arabians  have  handed  down  to 
us  r.s  Ptolc?ny's\. 

AAagijius  alfo,  at  the  end  of  his  Gcographia  Uniuerja,  (the  former  part 
of  which  is  a  tranflation  of  Ptolemy's)  firft  printed  at  Fenice^  in  1596, 
mentions  tliis  map  of  Afercator,  and  gives  even  a  fketch  of  itj  but  fecnis 
to  have  no  dillindt  conception  of  the  author's  defign. 

That  A!Lr:ator\  map  was  not  rightly  defcribed,  is  manifcft  from  the 
numbers  given  by  Blundeville ;  and  tliat  he  was  ignorant  of  a  genuine 
method  of  dividing  the  meridian,  appears  from  a  pallage  in  his  life,  wlierc 
the  writer  fivs  Adercator  often  aflured  him,  that  this  extending  a  fpherc 
into  a  plane  anfwered  to  the  quadrature  of  the  circle,  as  that  nothing 
fccmcd  to  be  wanting  but  the  demonftration. 

Ho\vc\  cr,  our  authors  now  began  to  er.tcrtain  favourable  thoughts  of  if, 
pcrhap'.  fiOMi  the  report  that  xMr.  ll^'right  was  about  to  treat  on  that  fub- 
jcc^.  Dr.  Thomas  Hood,  to  the  firft  edition  which  he  eave  of  ZJi,v;  ;;i.'s 
Regirmrt  in  1 592,  added  a  Dialogue  of  his  own,  called  The  ALviijei-'^ 
(j'::/de,  written  only  to  fhew  the  ufe  of  the  plane  chart,  wliere  he  acknow- 
ledges aiid  fcts  forth  its  errors,  and  highly  praifes  Adercator's,  faying,  he 


•    In  an  ciition  he  made  of  P/c/f/zry's  C^o^rapby,  in  i^?,^.. 
t   TiKie  were  publiihed  by  Fed.  C'^mmunainus,  one  at  Foiiie,  in  151P,  t'lC 
Other  at  lUmc,  in  1562. 

had 
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had  compofed  a  treatife  concerning  it ;  but  the  indiftin«^  account  he  gives 
of  it,  fliews  it  would  not  be  this  author's  lot  to  render  it  fit  for  the  ufe 
of  navigation.  And  Mr.  Blutuicvillc^  in  tiic  following  editions  of  his 
above-mentioned  trafl,  omitted  the  commendation  he  had  given  of  P/c- 
lemy^s  method  of  delineating  an  univerfal  map. 

Mercator'^  fcheme  was  not  indeed  contriv^cd  for  rcprefcnting  the  parts 
of  a  country  in  a  juft  proportion  to  each  other  ;  but  is  appropriated  to  the 
tife  of  mariners,  who  fail  upon  rhumbs  by  the  guidance  of  the  compafs  ; 
which  our  countryman,  Mr.  Edward  JFright,  perfeded  *,  by  diicovering 
a  true  way  of  dividing  the  meridian.  An  account  of  this  he  fent  from 
Caius  college,  in  Cambridge^  where  he  was  then  a  fellow,  to  his  friend  the 
above-mentioned  Mr.  Elundcv'iUe^  conXzxmng  a  {hort  table  for  that  pur- 
pofe,  vvith  a  fpecimen  of  a  chart  fo  divided,  together  with  the  manner  of 
dividing  it.  All  which  Blundeville  publifhed,  in  1594,  amongft  his  Ex- 
erc'tfesy  in  that  part -which  treats  of  navigation  f  j  where  he  has  well  de- 
livered what  had  been  before  written  on  that  art ;  infomuch  that  his  book 
was  long  in  great  repute,  a  feventh  edition  having  been  printed  in  1636. 
To  the  fecond  edition,  jinno  1606,  and  following  ones,  w'-^s  added  his 
former  difcourfe  of  univerfal  maps. 

In  1597,  ^^^  Reverend  Mr.  fFtHlam  Barlowe,  in  his  Navigator's 
Supply^  g'.ve  a  dcmonftration  of  this  divifion  as  communicated  by  a 
friend  ;  faying.  This  manner  cf  carde  hai  hesit  publi^uely  extant  in  print 
ihefe  thirtie  yeares  at  Icajl  J,  hut  a  cloude  (as  it  were)  aud  tbicke  mtjie  of 
ignorance  doth  keepe  it  hitherto  concealed :  And  fo  much  the  more.,  becaufe 
fame  who  zuere  reckoned  for  men  of  good  knatvledge,  have  by  glauncing 
fpeeches  (but  never  by  any  one  reafon  of  moment)  gone  about  ivhat  they  could 
to  difgrace  it. 

This  book  of  Barloive'%  contains  defcriptions  of  fevcral  inflruments  for 
the  ufc  of  navigation,  the  principal  of  which  is  an  azimuth  compafs,  with 
two  upright  fights  §  ;  and  as  the  author  was  very  curious  in  making  ex- 
periments on  the  loadftone,  he  difcourfes  well  and  largely  on  the  fea- 
compafs  J  and  Itill  farther  handles  that  fubjecl  in  a  tract  he  publifliej 
fome  years  after,  intitled,  JLignetical  Adve.  tifements. 

At  length,  in  1599,  Mr.  7f^right  h'lmkU  prinred  his  famous  treatife, 
intitled,  The  Correhion  of  certain  Errors  in  Navigation,  which  had  beeu 
written  many  years  before  ;   where  he  fhews  the  reafon  of  this  divifion  i[. 


•  Some  of  our  modern  writers  have  faid,  Mercalor  took  the  hint  {voxa. 
Wright,  but  that  is  a  niiftake  ;  fo:  Mercatcr's  map  was  publifhcd  thirty  years 
before  If'r-^ht's  book,  who  freqii  ntly  refers  to  it.  ?>cc  Ed-ward  S  her  burn  i 
tranflarinn  of  the  firft  book  oi  Manllius,  in  1675,  P    ^^* 

-J    CH;:p.  29. 

X  i\?  ihould  have  faid  28  only. 

^  M  inv  :.i  thefe  inftruments  are  in  the  Arcano  del  Mare,  together  with  the 
deinon;'.raticn  r.bove  mentioned. 

H  Map-  •■ith  their  meridians  thus  divided  had  been  nublinieJ  at  Anfersem 
by  joa'cc:  s  Hcndi  <:-,  who,  when  in  Lcndin,  wo:-kir,g  as  an  engraver,  learnt  the 
jii^nner  01  i^oing  i'  from  M".  U'righ:''i  Manufrtt ;  the  fourth  chapter  of  which 
he  had  tranfcnbed  into  one  of  his  maps.  Flor..ii::s  afterwards  in  his  leiters, 
both  10  Mr.  Briggi,  and  a'fo  to  Mr.  Wright,  begged  pardon  for  not  having 

acknow- 
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the  manner  of  conftru^ling  his  table,  and  its  ufes  in  navigation,  with 
other  improvements  :  A  book,  aS  Dr.  Hallcy  f.iys,  well  deferring  the  pe^ 
r  ufal  of  all  fuch  as  dcjlgn  to  life  the  fea'*^. 

In  the  preface,  Wright  complains  of  th^obftinacy  of  our  mariners, 
for-not  liking  an  improvement  in  their  art,  faying,  that  they  were  like 
thofc  whofe  ignorance  Mafter  Bourne  had  expofed,  repeating  Bourne^ 
very  words. 

•*'  Though  this  great  improvement  in  navigation  by  TVright  has  been 
embraced  and  followed  by  all  proper  judges  ;  yet  fome  undifcerning 
perfons  have  of  late,  even  amongfl:  us,  found  fault  with  it,  particularly 
Henry  JFilfon^  author  of  a  Treatife  on  Navigation,  by  a  prcpofal  for  a 
curvilinear  fea-chart^  in  1 720  ;  2nd  the  Rev.  Mr.  Wefl^  of  Exeter^  in  a 
pofthumous  piece,  printed  in  1762.  But  their  cavih  were  fufficiently 
obviated  ;  thofe  of  the  firll  by  Mr.  Hafeldcn^  in  his  Me,rcators  Chart, 
and  in  his  Reply,  both  printed  in  1 722;  and  of  the  fecond,  by  Mr. 
JVllliam  Mowitainey  in  the  Pnilofophical  Tranfa6lions,  vol.  LIII.  p.  69. 
Anno  1763."  V 

In  1610  a  fecond  edition  of  Air.  JVrighfs  book  was  publifhed,  and 
dedicated  to  Prince  Henry,  his  royal  pupil  f,  where  the  author  inferted 
farther  improvements  ;  particularly,  he  propofed  an  excellent  way  of  de- 
termining the  magnitude  of  the  Earth  ;  at  tiie  fame  time  recommending, 
very  iudicioufl)',  the  making  our  common  meafures  in  fome  fettled  pro- 
poi  tion  to  that  of  a  degree  on  its  furface,  that  they  might  not  depend  on 
ilic  uncertain  length  of  a  barley-corn. 

Some  of  his  other  improvements  were  ;  The  Table  of  Latitudes  for 
dividing  the  meridian,  computed  to  m.inutes ;  whereas  before  it  was  but 
to  every  tenth  miniitc,  and  the  Tnort  table  fent  by  him  to  Blundroillc  to 
degrees  only  :  An  inf!:!  unicnt,  he  calls  the  Sea-rings,  by  which  tlie  varia- 
tion of  the  comp?.f-,  alritnJc  of  the  SL:n,  and  time  of  the  day,  may  be  de- 
tcrmincd  rc^ulily  at  once  in  ar.v  place,  provided  the  latitude  be  known  : 
"^J'he  correcting  of  the  errors  aril-.ng  Jrcni  the  exccntricity  of  the  eye  in 
obi^-Tving  by  tlie  crofs-flalT:  A  total  amendment  in  the  Tables  of  the 
declinations  and  pL^es  of  the  bun  and  Itars,  from  his  own  obfcrvations, 
in:id.;  v.'it'i  a  fix -foot  quadrant,  in  the  years  1 594,  95,  06,  :ind  97:  A 
fci-qur/Jrant,  to  take  altitudes  by  a  forward  or  backv/ard  ob'ervation, 
and  l;i-:cwirc  v,'i:h  a  contrivance  fc.r  tlie  ready  finding  the  latitude  by  the 
h-ir^ht  of  the  i''.!j-il:-'.:-,  w\v:\\  nr)t  upon  the  nicridian.  And  that  his  book 
mi2;bt  be  the  bet:cr  underllcoJ  by  bcf'inr.crs,  in  this  edition  is  fubjoincd  a 
traiiflation  of  tiiC  ubove-mcntioncd  7uU-!ricrar.o\  CQir.pendiwn  ;   he  correiSt- 


acl:  ;ovvli-J;.rcd  ih'.'  o!)!ipritiT,  S.c  IVrt^hi'';  preface,  where  he  complains  of 
U'..!iii..s'i  pK.c  (  H:r,'  ;  ai.d  fartlie."  relaus,  \:()W  his  book,  a  ca:>y  cf  which 
h:ai-,;o  hcc.-i  p;r!'iitc'J  t.i  x\\::  I'rrl  cf  C^,r:Lerluf:J,  had  liked  to  liave  come  fMit 
riuit'i  ih  t.riaic  of  a  fanic;  rcv^_.;;o",  whom,  frcm  fome  circunillances  there 
nu  i.'iorfd,  I  ir.in^Tiiic  to  f  avc  bt.  u  A':ru!\vn  Kth.-iJ. 

'    PL:i€jphi:n:  Vrahjuclicnst  for  1696,  N°  2:9. 

t  in  i6;;7  a  \\  edition  was  pr.Miliicd  by  "Vir.  J.fclh  Mrx-n,  v-,>,crc  t'  ."  de- 
dication i,  i:::advir.dly  left  our,  n.nd  ;ic  the  c;;d  is  added  by  tiic  ci'i  or  the 
ab()vc--!i.rt,t.(:i,-:d  Ha-viK  J.rr.ivn  A't,  i:$  .'•.Ifj  i'  rj^i:'-  ur.ivciial  i;;.Tr,  in->rovc4 
by  the  uii:LV.fic.  rr.^idt;  !i  -.Cf:  hib  time. 
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ing  fome  miftakcs  in  the  original,  and  adding  a  large  table  of  the  variation 
of  the  compafs  obil-rved  in  very  different  parts  of  the  world,  to  fhew  it 
is  not  occafioned  by  any  mngnetical  pole. 

This  excellent  perfon  was  allowed  fifty  pounds  a  year  (no  inccnfi- 
derable  fum  at  that  time)  by  the  Eajl  India  Company,  for  reading  a 
ledturc  of  navigation  ;  he  alfo  projeitcd  the  conveying  water  to  London^ 
but  was  prevented  from  executing  his  fcheme  by  dcftgning  men,  which 
is  frequently  the  cafe.  VVhilil  he  led  a  ftudious  and  retired  life,  his  repu- 
tation was  fo  far  known,  that  Queen  Elizabeth  granted,  in  1589,  a  dif- 
tcnfaUon  for  his  abfcnce  from  the  univerfity,  in  order  to  accompany  the 
Earl  of  Cumberland  in  the  exjiedition  to  the  Azores  \  as  I  am  informed  by 
Sir  James  Burroughs  Mafter  of  Caius  College,  whofe  fine  taffe  in  archi- 
tecture, part  of  the  new  buildings  in  Cambridge  (hew,  tliey  rendering  the 
reft  of  thbfe  buildings  a  difgracc  to  thaft  famous  feat  of  learning,  which 
has  produced  many  great  men,  as,  (to  mention  here  only  mathematicians) 
IFrlght,  Briggs,  Oughtred^  Dr.  Pell,  Fojier^  Hcrrox,  Bahibrldge^  Bifliop 
TVardt  Dr.  tVallisy  Dr.  Barrow.,  Rooke,  Sir  Ifaac  Newton^  Cotes ,  and 
Dr,  Brook  Taylor. 

Urlght^s  improvements  on  Mercator's  chart  became  foon  known 
abroad. 

In  1608  were  piihlifhcd  the  Hypoinncmata  Mathemattca  of  the  above- 
mentioned  Shnon  &icvln^  compoied  for  the  ufe  of  Prince  A<faurlee.  In 
the  part  concerning  navigation,  the  author,  having  treated  of  failing  on 
a  great  circle,  and  fliewn  how  to  draw  mechanically  the  rhumbs  on  a 
globe,  fct&  down  JFrlght's  two  tables  of  latitude  and  of  rhumbs,  in  or- 
der to  dc'fcribe  thofe  lines  more  accurately  ;  and  in  an  appendix  he  com- 
mends i///t'.c,  flicws  a  miftakc  committed  by  Nonius  in  relation  to  the 
rhumbs,  and  pretends  to  h:ive  dilcovcrcJ  an  error  in  ^P'right's  latter  table  ; 
but  IFrlght  himfclf,  in  the  fecond  edition  of  his  book,  h;is  fully  anfwercd 
all  Stivln's  objetSlions,  demonffrating  that  they  arofe  from  his  grols  v/ay 
of  calculating. 

And  in  1624  the  learned  Willehrsrdiis  Snelllus.^  Profeffor  of  the  ivlathe- 
matics  at  Leydcn,  puhlifhed  his  Typhis  Baiavus*,  a  trealifc  of  navigation 
en  JPYighi"?-  plan,  written  fomcwhut  obfcurely.  In  the  introduction  are 
praifed  Noulv.s^  Mercaior,  Stevln,  Hucs^  and  JVrlght.  But  fince  what 
had  been  performed  by  our  arlifts  on  this  fubjcc;t,  is  rot  there  particu- 
larly declared,  as  are  the  improvements  made  by  the  others  ;  it  has  hap- 
pened that  fome  have  attributed  JFright's  principal  difcovery  to  this  au- 
thor. Thus  Albert  Glrard,  who  in  1634  publifhed  a  French  tranflation 
f.f  Stevlns  Works  with  note?,  in  one  of  them  obferves,  that  Snclllus  had 
calculated,  what  he  calls,  Tahulce  Conoulcce  Parallehrum.,  to  minutes  as 
far  as  70  degrees  i  wliereas  JlYight  had  fet  forth  in  16 10  fuch  a' table  fo 
calculated  to  89  degrees  59  minutes;  notvvithflanding  which  M.  de 
Lag'i^.,  in  the  Memoirs  of  twz  I^val  Academy  of  Sciences  at  Paris  for 
1  703,  treating  of  the  Ccrrc/led  Chart,  fays,  c'ejl  JVlllebrord  Sr.elllus  qui 


*  In  1617  had  been  pnblidicd  his  Eratofihtnes  Batavus,  where  is  given  an 

account  of  his  meafuiing  the  earch. 
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efi  efl  ^nventeur.     But  the  French  writers  now  acknowledge  our  coun« 
tryman  to  have  been  its  author*. 

Snellius  was  followed  in  Holland  by  Adrian  Melius^  in  a  treatife,  in- 
titled,  Primum  Mobile.,  printed  -aX  Amjierdam^  in  1631  ;  and  in  Francehy 
the  learned  P^ier  Merigofie,  in  his  Curfus  A^athematicus^  where,  in  the  de* 
dication  of  the  fourth  tome  to  the  Marfhal  BaJ/ompire,  the  author  fays, 
Artem  navigandi  in  cenfu  Mathematics  non  repofuere  pleriqtie  nojlrum^  ncque 
fane  in  hunc  ordi::em  afcribi  meruit^  quandiu  cased  tantiim  nautarum  praxi 
cchbrata  ejl  \  nio:c  vero  cum  inventis  tabidis  loxodromicis  (quas  nos  primiim 
Gallis  exhibemns)  fortnam  certam  jir7nafque  leges  acceperit  fine  injuria  omitti 
non  poiejl.     But  to  return  to  our  countrymen. 

Mr.  Wright^  in  the  12th  chapter,  having  fhewn  how  to  find  the  place 
of  a  fhip  on  his  chart,  obferved,  the  fame  might  be  performed  more  ac- 
curately by  calculation  ;  bttt  confidering,  as  he  fays,  that  the  latitudes, 
and  efpcciaily  the  courfes  at  fea,  could  not  be  determined  fo  precifely,  he 
forbore  fetting  down  particular  examples  ;  as  the  mariner  may  be  al- 
lowed to  fave  himfclf  this  trouble,  and  onlv  mark  out  upon  his  chart, 
when  truly  conflructed,  the  (hip's  way  after  the  manner  then  ufually 
praiStifed. 

However,  in  i6i4t5  ^^r-  Rophe  Handfon^  among  his  nautical  quef- 
tions  fubjoined  to  a  tranflation  of  Pitifcus's  Trigonometry^  folved  very 
diftinctlv  every  cafe  of  navigation,  by  applying  arithmetical  calculations 
to  Wright^'?,  table  of  latitudes,  or  of  meridional  parts,  as  it  has  fmce  been 
called. 

And  bcfidcs,  though  the  method  JVright  difcovered  for  determining  the 
change  of  longitude  by  a  flii])  failing  on  a  rhumb,  is  the  adequate  means 
of  performing  it ;  Har.dfon  propofed  two  v.'ays  of  approximation  for  that 
purpofe,  without  the  aflillance  of  Upright's  divifion  of  the  meridian  line. 
The  hrd  was  computed  by  the  arithmetical  ni^an  between  the  co-fincs 
of  both  latitudjh  ;  the  otiier  by  the  fame  me;jn  betweeji  their  fecants,  as 
an  alternative,  when  IVrlrrhi^  book  was  not  at  hand,  thou;:h  this  latter  is 
wider  from  the  iruia  t!;an  the  firll: ;  and  farther  he  fhewcd  by  the  aforc- 
l.'.id  calcL:!:'l;o:;s.  how  much  each  of  tiicfe  cc7::pcndiums  deviates  from  the 
trutii,  anii  AU)  how  erroneouflv  the  computations  on  the  principles  of  the 
pLin- chart  c'fkr  from  them  all. 

There  h  aiioihcr  method  of  approximation,  by  what  Is  called  The 
A'lifidJe  La^icuJe},  v/hich,  tJiou^h  it  errs  more  than  that  by  the  arithme- 
tic.! mean  hetv."ce:i  the  co-f.ncb  ;  yet  being  lefs  operofe,  is  that  generally 
vSc6  b.y  oi:r  f.-iiors  ;  notv.'ithilanoin':;  the  arithmetical  mean  between  the 
!o_,>',rit!::rjic  eo-li:/-:-,  ctjuiv.'.Icnt  to  the  geometrical  mean  between  the  co- 
<;;-._s  Liicn.rj,".  ^,  !u;ii  l-;:!  fmce  propofed  by  Ivlr,  fobn  Baff'at  jl,  which  in 
higli  Ic.tuUv'cji  i.  ;o;;,-Vr;i..t  prcfcrahie. 


crj}  qu     0".   i'y   i'.'f.  I.  I  ca'tcs  rcd^:US,  i>:^CK;i:n  admirahle,  de  i-d  qi.edc 

0  :  t'!  i\Jjvcb'i  h  Eucju:  ni  \W:'.yJ.l,  quoiquoji  /'  ait  Joavi/it  atlnhua  a  AIc-LuLOr. 
il.;!.  dc  I'Acid.  Roynle  des  -cicr.ces,  .\n.  \" ^i,  p.  275. 
i'    It  '.vns  rrpiir.icd  in   rSjD. 
\   (::<>}fn-':.  worl:s,  l,ril  prnitcd  in  j'', :?. 

ij    .\b;:y.  I'   ,-;,  i;i  a  d::tlr.gi:e  wl'.i(  h  wr.-.  p-.-bliflicJ  nftcr  the  ni-'bnt'r,  dc.itf), 
in  ar:  ?,])f c;r:.;>.  -m  i';:  ruihx':ay  to  pc-fd  Sai^r^.     B'J.t:  had  l-a-ii  a  teacher 

of 
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The  computation  by  tfie  middle  latitude,  will  always  fall  fliortof  the 
true  change  of  longitude  ;  that,  by  the  geometrical  mean,  will  always 
exceed  ;  but  that,  by  the  arithmetical  mean^  fall  fbort  in  latitudes  above 
45  degrees,  nnd  exceed  in  leiTer  latitudes.  However,  none  of  thcfc  me- 
thods, when  the  change  in  latitude  is  fufficicntly  fmall,  will  deviate 
grfeatly  from  the  real  change  in  longitude. 

About  this  time  logarithms*  began  to  be  introduced  into  the  pradtice 
of  the  mathematics  ;  and  as  they  are  of  excellent  ufc  in  the  art  of  navi- 
gation, we  ftiall  here  fay  fomething  about  their  original. 

Thefe  were  invented  by  'John  Napier,  Baron  of  Marchijloiin  in  Scot' 
land,  as  appears  from  his  treatife,  intitled,  Mirifici  Logarithmorum  Canonis 
Defcriptid,  firfl:  printed  in  1614  f*  Soon  after,  the  author  communicated 
to  Mr.  Henry  Brings,  Profeflor  of  geometry  at  Grejham  college  in  Lon- 
don t,  another  form  of  logarithms  ;  with  which  Mr.  Brtggs  was  fo  well 
pleafcd,  that  he  immediately  fct  about  computing  a  very  large  table  of 
them,  which  he  publiihed  in  1624,  with  his  Arithrnetica  Logarilhmica  ||. 
But  in  the  mean  time,  as  a  fpecimen,  he  printed  in  1617  a  few  copies  for 
his  own  ufe  and  that  of  his  friends,  of  a  very  fmall  one,  not  exceeding  a 
thoufand  natural  numbers. 

From  this  table  Mr.  Edmund  Gnntcr,  Air.  Briggs's  colleague  in  Aftro- 
jiomy,  computed  one  of  artificial  fines  and  tangents  to  every  minute  of 
the  quadrant,  which  he  publiflied  in  "1620,  being  the  firft  of  its  kind  §. 
And  when  he  made  an  edition  of  his  works  three  years  after,  both  thefe 
tables  v/crc  fubjoined  to  his  book. 

of  navicntion  at  Chatham,  and  well  made  out  what  he  undertook,  that  a  (hip 
vv'ouid  return  to  the  place  it  departed  from,  by  failing  on  the  fame  rhumb, 
contrary  to  what  Fuller  and  others  had  maintained.  At  the  end  of  this 
difcourfe,  he  appHes  his  compendium  to  the  three  pitncipai  problejns  in 
failirg. 

*  Th°  foundation  cf  logirlthms  is  a  pro-erty  of  two  feries  of  numbers, 
en:  in  arirhmetica!,  the  other  in  geometrical  proportion;  which  property  is 
declared  by  Archimedes  ia  hii  Arenarius. 

-f  In  16:9  was  made,  after  the  autiior's  death,  a  fecond  edition,  with  his 
farther  improven-ienis  in  Spherical  Tri^^onometry. 

J  He  was  in  1619  appcintcd  by  Sir  Henry  Sa'ville,  his  profeiTor  of  geometry 

at  Oxford. 

II  Adrian  Vla:q  made  an  euition  of  this  book  at  Tergou,  in  1628,  where  the 
table  of  logarithms  was  continued  by  him  to  one  hundred  thoufand  number', 
though  the" logarithms  themfelves  are  but  tQ  ten  placef,  whereas  in  B'iggsh 
boo'/' they  wcie  to  fourteen.  Seme  conies  of /'-^/ar^'s  tables  were  purchafed 
by  our  bookfellers,  and  publiihed  at  LouJoih  with  an  EngliJI?  explanation  pre- 
ir.ifed,  dated  1631. 

§  Flaci  a!fo  pubiifheri,  at  the  f,an-,e  place,  in  1633,  his  Trigcnometria  Artifi- 
cia'is,  with  tabic;  of  logarithmic  fir.es  and  tangents  to  every  tenth  fucond  of 
the  quadrant,  fiaroh  tables  have  a  great  reputation  for  their  exafln^fs,  as 
Shir^.-:i/i'i.  f.rfl  editio'n  in  1706,  and  Gardiner  s  in  1742,  have  amongll  us. 
hi  de  Fcntenuk,  in  the  Hitlory  of  the  Academy  of  Sciences  for  1717,  com- 
II  tn:is  en  edition  of  V:a:qi  fmallcr  table?,  made  at  Lyons,  in  1670,  as  does 
M.  de  la  Lande,  in  his  /^ilionomv,  printed  at  Paiis,  in  1761,  tables  publifhed 
li.-.re  in  ijjO. 

There 
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There  he  applied  to  navigation,  according  to  Wright's  table  of  meri- 
dionaJ  partSj  as  well  as  to  other  branches  of  the  mathematics,  his  ad- 
mirable Rtiler  *,  on  which  were  infcribed  the  logarithmic  lines  for  num- 
bers and  for  fines  and  tangents  of  arcbcs.  He  a!fo  greatly  improved  the 
Sedior  f  for  the  fame  purpofes.  And  he  fliewed  how  to  take  a  back  ob- 
fervation  by  the  crofs-ftafF,  whereby  the  error,  ariling  from  the  excen- 
tricity  of  the  eye,  is  avoided  ;  defcribing  likewife  an  inftrument  of  his 
invention,  named  by  him  a  Crofs-Bow,  for  taking  altitudes  of  the  Sun  or 
ftars,  with  fome  contrivances  for  the  more  ready  colledling  the  latitude 
from  the  obfervation  |, 

The  difcoverics  relating  to  the  logarithms  were  carried  to  France  by 
Mr.  Edmund  JVingate^  who,  going  to  Paris  in  1624,  publifhed  in  that' 
city  two  fmall  tradls  in  French  |!,  and  dedicated  them  both  to  Gafion^ 
the  King's  only  brother.  In  the  firft  he  teaches  the  ufe  of  Gunter's 
ruler,  and  in  the  other,  of  the  tables  of  logarithms  arid  artificial  fines  and 
tangents,  as  modelled  according  to  Napier's  lafi:  form,  attributed  by  Win- 
gate  to  BriggSy  which  is  a  millake  ;  as  appears  from  the  dedication  of 
Napier's  Rabdc/ogia,  printed  in  i6i6,  and  from  what  Mr.  Briggs  himfelf 
faid  in  the  preface  of  his  y^rithmetica  Logarithmica. 

The  Reverend  Mr.  JVilliam  Oughtred  projected  this  ruler  into  a  cir- 
cular arch,  fhewing  fully  its  ufcs  in  a  treatife  firft  printed  in  1633, 
intitled.  The  Circles  of  Proportion  ;  where,  in  an  appendix,  are  well 
handled  feveral  important  points  in  navigation.  It  has  been  made  in 
the  form  of  a  Sliding  Ruler.  See  Scth  Partridge's  ufe  of  the  double  fcale 
in  1662. 

As  by  the  logarithmic  tables  all  trigonometrical  calculations  are  great- 
ly facilitated;  fo  the  firft  author,  who,  I  find,  has  applied  thein  to  the 
cafes  of  failing,  was  Mr.  Thomas  Addifon,  in  his  treatife,  intitled,  Arith- 
metical Navigation^  printed  in  1625.  He  alio  gives  two  traverfe  tables 
with  their  ufes,  the  one  to  quarter  points  of  the  compafs,  the  other  to 
degrees. 

Mr.  Henry  Gelli brand,  Mr.  Guntrrs  fuccefibr  at  Grejham  College, 
publifhed  his  difcovery  of  the  changes  in  the  variation  of  the  compafs  in 
a  fmall  quarto  pamphlet,  intitled,  A  Difc^urfe  Alathemalical  on  the  Varia- 
tion of  the  Magnetical  Needle,  printed  in  1635.  This  extraordinary /A^- 
nomenon  he  found  out  by  comparing  the  obfervati;)ns  made  at  difi'erent 
times  near  the  fame  place  by  Mr.  Burrcugh,  Mr.  Gimter^  and  himfelf, 


•  This  Ruler  is  fo  conflantly  i  1  the  praftice  of  our  a:tifl5,  that  it  has  got 
the  name  of  The  Gunter. 

t  The  ufes  of  a  Sedlor  had  been  fhewn  by  '^r.  Robert  Heed,  in  a  ti-ift  he 
publilhed  in  1598. 

X  1  his  ingenious  pcrfon  died  1626,  aged  45  years.  His  works  have 
been  feveral  times  reprinted  with  fuccefiiie  additions;  the  fLCond  edition  was 
made  in  1636  from  hisown  maiiufcript  ;  then  from  thoffof  Mr.  Satnuel  Fo'jh-- 
ProlciTor  of  Atlronomy  at  Grfjham  Coliegc,  attain  by  Mr.  H.nry  Bind,  and 
Mr.  William  Leybcurn.       1".  e  luUclt  and  !a"ll,  t-.eing  the  f  fih,  was  in  16-^. 

11   Thefe  were  aftcrwajd*  printed  at  London  in  Engl'Jh  with  itnprovcments. 

Vol.  I.  b  all 
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all  perfons  of  great  (kill  and  experience  in  thefe  matters.  And  this  dlf- 
covcry  was  foon  known  abroad  *,  for  father  Athanuftui  Kircber,  in  his 
treatile  intitled  MagneSy  firft  printed  at  Rome  in  1641,  fays  our  country- 
man Mr.  John  Greaves  had  infor*ned  him  of  it,  and  then  gives  a  letter  of 
the  iwrnous  Marinus  Merfennm^  containing  a  very  diftindl:  account  thereof. 
GcUihrand  had  been  famousj  for  the  part  he  bore  -in  the  Trtganometria 
JBritnntiica  of  hh  dcccafcd  friend  Mr.  Briggs,  which  was  printed  in  1633, 
at  7ergou,  under  the  care  of  Adrian  Vlacq.  Gellibrand  alfo,  in  1635, 
publifhed  in  EngUJh  an  Injlitutton  Tr'igonotnetricall. 

In  1631  Mr.  Richai d  Norwood  had  publiflicd  an  excellent  treatife  of 
Trigctionietry^  adapted  to  the  invention  of  logarithms,  particularly  in  ap- 
plying Noptet'\  general  canons  f .  The  author  having,  as  he  fays,  ac- 
quired his  knowledge  in  the  mathematics  at  fea  :|:,  efpecially  fhewed 
the  ufe  of  trigonometry  in  the  three  principal  kinds  of  navigation.  And 
towards  the  farther  improvement  of  that  art,  he  undertook  a  laborious 
work  for  examining  the  divifion  of  the  log-line. 

As  altitudes  of  the  Sun  are  taken  on  Ihip-board,  by  obferving  his  ele- 
vation above  the  vifible  horizon  ;  to  collecl  from  thence  the  Sun's  true 
altitude  with  corrciSlncfs,  Ji^right  obfcrves  it  to  be  neceflkry^  that  the 
dip  of  the  horizon  below  the  obferver's  eye  Ihould  be  brought  into  the 
account,  which  cannot  be  calculated  without  knowing  the  magnitude 
of  the  earth.     Hence  he  was  led  to  propole  diiFi^rent  methods  for  finding 
this  ;  but  complains,  that  the  mofl:  effecHiual  was  out  of  his  power  to 
execute  ;  and  therefore  contented  himfclf  with  a  rude  attempt,  in  fome 
ineufure  fufficient  for  his  purpofe  :  and  the  dimenfions  of  the  Earth  de- 
duced by  him  correfponded  fo  well  with  the  ufual  divifions  of  th^-  log- 
line,  that  as  he  wrote  not  an  exprefs  treatife  on  navigation,  but  <.nly  for 
the  correifiiiig  fuch  errors,  as  prevailed  in  general  practice,,  the  log-line 
did  not  fall  Imdcr  iiis  notice.     But  Mr.  Noiivoody  for  regulating  this  in- 
f^rumcnt  upon   genuine  principles,  put  in  execution  the  method  Mr. 
Wright  recommends,  as  the  moll  perr'e6t  for  meafuring  the  dimeniion  of 
the  Karth,  with  the  true  length  of  the  degrees  of  a  great  circle  upon  it  ; 
and,  in  1635,  actually  meafiired  the  diftance  between  London  and  York ; 
from  whence,  and  the  fummer-folftitial  altitudes  of  the  Sun  obferved  on 
the  meridian  at  both  places,  he  found  a  degree  on  a  great  circle  of  the 
Earth  to  contaiji  367196  EngUjh  feet,  equal  to  57300  Freyich  fathoms  or 
toifes,  wliich  is  very  exad  ;   as  appears  from  many  meafures,  that  have 
been  made  fince  that  time. 


•  In  the  Hiflory  of  the  F.oyal  Academy  of  Sciences  at  Paris  for  17 12,  p. 
19.  it  is  faid  by  M.  de  Fontenelle,  that  the  learned  Petir  GaJJ'endi  was  the  prin- 
cipal dfcovercr  of  this  property;  but  GaJJeitdi  himfelf  acknowledged  that  he 
had  btfoic  received  informiition  of  Ge'///'^r;?Ws  difcoveries.  Gajfend.  Oper. 
vol.  ii.  p.  152,  Ljgd.  1658. 

f  A  very  advantageous  report  of  it  was  made  by  M.  Mariotte  at  a  meeting, 
in  1668,  of  the  Academy.     Du  Hamel,  Hiih  Acad.  .Scient.  p.  51.  1701. 

J  irrOBi  a  (aiJor  he  became  a  teacher,  iiyling  himklf  before  his  books,  A 
Header  of  the.  Mathsmaiics  in  Lar.dcn. 

■     Oi 
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Of  this  affair  Mr.  Norivood  gives  a  full  and  clear  account  in  his  trca- 
tife,  called  !Z7;^  Seaman's  Pra£?ice,  firft  publifhed  in  1637.  There,  with 
unafFe(5!cd  modelly,  he  apologizes  for  the  hardincfs  of  a  private  perfon's 
undertaking  fo  difficult  a  talk ;  and  very  cautioufly  points  out  the  true 
reafon,  how  fo  great  a  mathematician  as  Snejlius  had  failed  in  his  at- 
tempt. He  alfo  fliews  various  ufes  of  his  difcovery,  particularly  for  cor- 
recting the  grofs  errors  hitherto  committed  in  the  divifions  of  the  log-line. 
But  fuch  neceflary  amendments  have  been  .little  attended  to  by  the  failors, 
whofe  obftinacy  in  adhering  to  inveterate  miftakes  has  been  always 
complained  of  by  the  beft  writers  on  navigation.  This  improvement  has 
at  length,  however,  made  its  way  into  pra6lice  :  few  navigators  of  repu- 
tation ufing  now  the  old  meafure  of  42  feet  to  a  knot. 

Farther,  Mr.  Norwood  likewife  there  defcribes  his  own  excellent  me- 
thod of  fetttng  down  and  perfeSJlng  a  Sea-Reckoning,  ufmg  a  traverfe- 
table,  which  method  he  had  followed  and  taught  for  many  years  ;  and 
befides,  (hews  how  to  rectify  the  courfe,  by  the  variation  of  the  compafs 
■  being  confidered  ;  as  alfo  how  to  difcover  currents,  a.nd  to  make  proper 
allowance  on  their  account. 

This  treatife,  and  that  o^  Trigonometry,  were  continually  reprinted^  as 
the  principal  books  for  learning  fcientifically  the  art  of  Navigation.  What 
he  had  delivered,  efpecially  in  the  latter  of  them,  concerning  this  fub* 
je(51:,  was  contrafled  as  a  manual  for  failors,  in  a  very  fmall  piece,  called 
his  Epitome,  which  ufeful  performance  has  gone  through  numberlefs 
editions. 

No  alterations  v/ere  ever  made  In  The  Seaman's  FraSlice,  till  in  the  12th 
edition,  printed  in  1676,  after  the  author's  deceafe,  there  began  to  be 
infertcd,  at  page  59,  the  following  paragraph  in  a  fmaller  charafler 
[^Jboiit  the  year  1672,  Monfieur  Picart  has  ptibliJJ)ed  an  account  in  French, 
concerning  the  meafure  of  the  Earth,  a  hreviate  whereof  may  be  feen  in  the 
Philofopliical  Tranfa(Stions,  N°1I2,  zvherein  he  conchtdcs  one  degree  to 
contain  365184  Englifh  feet,  nearly  agreeifig  to  Mr.  J>!orwood'i-  expert^ 
ment.]  And  this  advcrtifement  is  continued  in  the  fubfequent  editions, 
as  I  find  it  in  onc^printed  fo  lately  as  1732. 

Norwood's  meafure  therefore,  though  it  was  not  knov/n  to  the  great 
Sir  ffaac  Neivton  in  his  youth,  v^ras  not  buried  in  oblivion,  on  account  of 
the  confufions  occafioned  by  our  civil  wars,  as  M.  de  Voltaire  has  been 
pleafed  to  fay  *  ;  on  the  contrary,  it  has  been  conftantly  commended  by 
our  writers  on  navigation  :  as  by  Mr.  Henry  Bond,  foon  after  its  pub- 
lication, in  a  note  at  page  107  of  the  Seaman's  Kalendar,  which  ancient 
book  he  reprinted  and  improved,  v-'hofe  ufe,  through  numberlefs  editions, 
is  continued  amongft  our  failors  to  this  day  ;  by  A'Ir.  Henry  Phillips  in 
his  Geometrical  Seaman  in  1652,  and  in  his  Advancement  of  Navigation  in 
1657  ;  by  Mr.  "John  Collins  in  his  Navigation  by  the  Plane  Scale,  in  1659  ; 
by  the  reverend  Dr.  Jihn  Nwton  in  his  Mathematical  Elements,  in  1660  ; 
Mr.  John  Seller  in  his  PraSlical  Navigation,  in  1669  j  Mr.  John  Brown 
in  his  Triangular  ^ladrant  in  1671. 


*  Elemen:  de  la  Pbilofopbit  dt  Ncwton,    chap,  xvili.  printed  at  Pam  in 
17   8. 
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And  in  the  PhihfophicalTranfa^iom  for  1676,  N°  126,  there  is  given 
a  very  partcular  account  of  it.  Nor  had  it  cfcapcd  the  royal  notice  -y 
for  when  King  Jame^y  in  1690,  honoured  the  obfervatory  zt  Paris  with  a 
vifit,  he  informed  the  gentlemen,  then  prefent,  of  this  mca fare  of  the 
Earth  }  and  upon  their  acquainting  his  Majcfty  how  that  had  been  de- 
termined by  Mr.  Picardy  the  King  wifhcd  the  two  meafurcs  might  be 
compared  together  *. 

But  that  it  was  not  commonly  known  in  Frarice  is  no  wonder,  feeing 
our  books  were  not  then  fo  much  inquired  after  as  at  prefent  by  that  polite 
ami  Itarned  people. 

In  the yournal  des  Sfavans  for  Dcccrnher  1666,  it  was  obferved  of  Dr. 
Hook/s  Micrographiay  qu'il  ejl  icr'it  en  une  langue  que  peu  de  perfonnes 
entendent-y  but  long  after,  in  the  fame  Jcurtial  for  February  1750,  it  is 
faid  of  the  Englijh  tongue,  that  it  was  une  langue  que  tous  les  vrais  favam 
devro'ient  f avoir.  And  now,  as  Norivood  is  taken  notice  of  in  the  latter 
editions  of  Sir  Ifaac  Newton  s  Principtay  his  name  and  merit  indeed  arc 
become  univerfally  known.  Infomuch  that  a  particular  account  of  his  . 
me?.fure  is  given  by  M.  de  Maupcrtuhy  in  the  preface  to  his  Treatife  of 
the  figure  of  the  Earth,  printed  at  Parts  in  1738  j  wherein  he  defcribes 
his  method  of  determining  the  length  of  a  degree  on  the  Earth  in  Lap- 
land ;  and  Norwood  is  mentioned  by  two  karned  Spanifo  fea  officers,  D. 
yorge  Juan,  and  D.  Antonio  o'Vltoa^  1.  their  voyage  printed  at  Madrid 
in  174^?  which  was  undertaken,  as  they  were  appointed  to  accompany 
the  French  mathematicians,  fent  to  meafure  a  degree  near  the  equator. 

About  the  year  1645  Mr.  Bond  publlfhed  in  Norwood's  Epitome  a  very 
o-reat  improvement  in  TVright's  method,  by  a  property  in  his  meridian 
line,  whereby  its  divifions  are  more  fcientifically  affigned,  than  the  au- 
thor himfelf  was  able  to-c~ffect;  which  was  from  this  theorem.  That  thefe 
divifions  are  analogous  to  the  excefles  of  the  logarithmic  tangents  of  half 
the  refpcclive  latitudes  augmented  by  45  degrees  above  the  logarithm  of 
the  radius. 

This  he  afterwards  explained  fomewhat  more  fully  in  the  third  edition 
of  (j^^z/^r's  works,  prijited  in  1653,  where,  after  obferving  that  the  lo- 
garithtiiic  tangents  from  45°  upwards  increafe  in  the  fame  manner  (as 
he  exprefles  it)  that  the  fecants  added  together  do,  if  every  half  degree 
be  accounted  as  one  whole  degree  of  Mercator's  meridional  line  ;  his 
rule  for  computing  the  meridional  parts  appertaining  to  any  two  latitudes 
(fuppofed  on  the  fame  fide  of  the  equator)  is  laid  down  to  this  effect ;  To 
take  the  logarithmic  tangent,  rejecfting  the  radius,  of  half  each  latitude 
augmented  by  45  degrees,  and  dividing  the  difference  of  thofc  numbers 
by  the  logarithmic  tangent  of  45°  30',  the  radius  being  likewife  re- 
jefted,  and  the  quotient  will  be  the  meridional  parts  required,  exprefled 
in  decrees.  And  this  rtde  is  the  immediate  coiifequcnce  from  the  ge- 
neral theorem.  That  the  degrees  of  latitude  bear  to  1  degree  (or  60  mi- 
nutes, whicli  in  Wrighf'i  table  ftands  as  the  meridional  parts  for  I  de- 
gree) the  fame  proportion  as  the  logarithmic  tangent  of  half  any  latitude 
augmented  bv  45  degrees,  and  the  radius  neglec^ted,  to  the  like  tangent 

*  Du  liumel,  HilL  Academ.  Regal.  Scient.  p.  285.. 

10  of 


OF     N  A  V  I  G  A  T  I  O  N.  xxi 

of  half  a  degree  augmented  by  45  degrees,  with  the  radius  likewife  re- 
jected. 

But  here  was  farther  wanting  the  demonftration  of' this  general  theo- 
rem, which  was  at  length  fupplied  by  that  great  mathematician,  Mr. 
yames  Gregory  of  Aberdeen^  in  his  Exsrcitatlones  Geometric^,  printed  at 
London  in  1668  ;  and  fince  more  concifely  demonftrated,  together  with  a 
fcientific  determination  of  the  divifor,  by  Dr.  Ha'.Uj^  in  the  Philofsphical 
'TranfaSiions  for  1695,  N°  2I9»  from  the  confideration  of  the  ipirals  into 
which  the  rhunibs  are  transformed  in  the  ftereographic  projection  of  the 
fphere  upon  the  plane  of  the  equinoctial  ;  which  the  excellent  Mr.  Roger 
Cotes  has  rendered  {till  more  fimple,  in  his  Logcmetrio^  firft  publifhcd  in 
the  PhilofophlcalTronfaaiom  for  17  14,  N°  388. 

It  is  moreover  added  in  Giinters  book,  that  if  -^^  of  this  divifor  (which 
does  not  fcniibly  difFer  from  the  logarithmic  tangent  of  45"^  \'  t^o"  cur- 
tailed of  the  radius)  be  ufed,  the  quotient  will  exhibit  the  meridional 
parts  exprclled  in  leagues  :  and  this  is  the  "divifor  fet  down  in  Norwood's 
Epitome, 

After  the  fame  manner  the  meridional  parts  will  be  found  in  minutes, 
if  the  like  logarithmic  tangent  of  4.5°  o'  30^^  diminiflied  by  the  radius  be 
taken,  that  is,  the  nvimber  ufed  by  ethers*  being  12633,  when  the  loga- 
rithmic tables  confill:  of  eight  ^Xac^    befides  the  index. 

lliis  Mr.  Bondf  who  introducu  ")  ufeful  a  difcovery  into  the  art,  was 
a  teacher  of  the  mathematics  in  London,  and  employed  to  take  care  of 
and  improve  the  impreflions  of  the  current  treatifes  of  navigation.  In  an 
edition  of  the  Seaman'' s  Kalendar^  p.  103,  he  declared,  he  had  difcovcred 
the  longitude,  by  having  found  out  the  true  theory  of  the  magnetic  varia- 
tion ;  and  to  gain  credit  to  his  afl'crtion,  he  foretold,  that  at  London  in 
1657  there  would  be  no  variation  of  the  compafs,  and  from  that  time  it 
would  gradually  incrcafe  the  other  way,  which  happened  accordingly. 
Again,  in  the  PhllofopbicalTraufa^lons  for  1668,  N"  40,  he  publifhed  a 
table  of  the  variations  for  49  years  to  come. 

This  joyful  news  to  all  failors  acquired  Mr.  Bond  a.  great  reputation; 
infomuch  that  the  treatife  he  hid  compofcd,  called  The  Longitude  founds 
was  in  1676  pubiilhed  by  the  fpecial  command  of  King  Charles  the  Se- 
cond, and  uftiercd  into  the  world  u'ith  the  approbation  of  fcveral  of  the 
iTiOit  cniinent  mathematicians  of  that  time  f . 

But  It  was  foon  oppofed,  there  being  publifhed  at  London  a  book  in 
1678,  called  The  Lo7igitude  not  founds  written  by  one  Mr.  Beckhorrow. 
And  in'iccd  as  Bond\  hypothefis  did  not  in  any  \vife  anfwer  its  author's 
fairi;ujne  exptdtations,  the  famous  Dr.  IhilUy  again  undertook  this  affair  ; 
and  from  a  multitude  of  obl'ervations  he  would  conclude,  that  the  mag- 


•  See  Mr.  Pcrhini\  Treatife  of  Nwuigalion  in  Vol.  f.  of  Sir  Jcttas  Mccre'i 
^sivj  ■  yfem  of  the  Mathematicks,  p.  20r:J,  printed  at  London  in  16S1.  Perkins's 
bof  k  wai  j  ublilhed  by  itfclf  the  )ear  following,  under  the  title  of  the  ^ean.ans 
T.t'.r. 

t  In  the  Phi'.ofophical  I'raifadions  for  the  fame  year,  N°  1 30,  it  Is  faiJ,  the 
Lord  Brcunkn' i  x-auie  was  infcrted  by  millake. 
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netic  needle  was  influenced  by  four  poles.  His  fpecqlations  on  this  fub- 
je£l  are  delivered  in  the  Ph'ilofcphical  Tranfa^ions  for  1683,  N°  148,  and 
for  1692,  N°  195.  But  this  vvonjerful  phenomenon  feems  to  have  hitherto 
eluded  all  our  refcarches. 

However,  that  excellent  pcrfon  in  1760  publifhed  a  general  map,  on 
■which  were  delineated  curve  lines  expreffing  the  paths,  where  the  mag- 
ijetic  needle  had  the  fame  variation.  This  was  received  with  univerfal 
applaufe*,  as  it  may  lead  to  fome  difcovery  in  fo  abftrufe  an  afFair,  and  at 
prefent  be  ufoful  on  many  occafions  in  determining  the  longitude.  The 
pofitions  of  thcfe  curves  will  indeed  Continually  fufFcr  alterations  ;  but 
then  they  flioyld  be  corredled  from  time  to  time  ;  as  they  h^ve  been 
Tor  the  year  1744,  and  1756,  by  two  ingenious  perfons,  Mr.  JVilllom 
Mountnine  and  Mr.  'jamts  Dodfon^  Fellows  of  the  Royal  Seciety.  The 
latter  died  not  long  after  he  had  been  chofen,  for  his  merit,  mathematical 
liiafter,  at  ChrijTs  Hofpltal,  ill  London. 

Dr.  Halley  alfo  gave,  in  the  Philofophlcal  TranfaSiions  for  1690, 
N°  183,  a  dilTertation  on  the  monfoons,  containing  many  obferva- 
tions  very  ufeful  for  all  fuch  as  fail  to  places  that  are  fubjeck  to  thof^ 
winds. 

The  true  principles  of  navigation  having  been  fettled  by  Wright^ 
Konaoody  and  Bond^  many  authors  amongfl  us  trod  in  their  fteps,  mak- 
ing  {omc  little  improvements.  It  would  be  impo/Tible  to  enumerate  each 
particular.  Of  the  writers  already  mentioned,  Phillips  and  CcUins^  in 
the  tide  pages  of  their  books,  declare  what  they  aimed  at ;  Phillips  alfo, 
in  his  tract  called  the  Advancement  of  Navigations  recommends  a  pen- 
dulum inftead  of  a  half  minute  glafs,  to  cili.rnate  the  time  the  log-line  is 
running  out.  He  alfo  propofes  to  do  the  fame  thing  by  wheel- work. 
Befides,  in  the  PhilcfophicalTranfacJions  for  1668,  N°  34,  tie  delivers  a 
better  method  to  determine  the  tides  than  what  v/as  commonly  praclifed  j 
for  which  purpofe  Mr.  John  Flanifteed^  the  Royal  Aflronomcr,  ftill  gave 
more  perfedl  dircflions  in  the  fame  Tranfa^icns  for  1683,  N°  143  i  as 
likev/ife  he  hrft  ordered  a  glafs  lens  to  be  fixed  on  the  fliade  vane,  in 
what  is  C£;iled  Davis's  quadrant  f,  v/hich  contrivance  Dr.  Robert  Hooky 
Profenbr  of  Geometry  at  Grejham  College,  had  before  thought  of  J. 

Sellers  Pra£lical  Navigation,  though  without  demonitratione,  has  the 
rules  of  failing  in  the  difiercnt  kinds,  as  performed  by  calculation,  by  the 
plane  fcale,  by  the  Gunt'er.,  and  by  the  finical  quadrant,  with  various  other 
matters  relative  to  the  iirt ;  as  alfo  the  ufe  of  the  az;muth-comp;.fs  as 
now  modelled,  the  ring-dial,  the  fea-ring,  crofs-ftaff,  Davis's  quadrant. 


*  It  is  particularly  con-mend  ^1  in  the  Hillory  and  Memoirs  of  the  Royal 
Academy  of  Sciences  at  i^.(7fr,  .or  the  year  I'.oi,  I/05,  1706,  1708,  and 
17  lO.  See  ahb  M  .  R :':fjs"i'kt^ecx\oni,  in  his  Inttodudicn  to  Lord  Anjoti's 
Voyage  round  the  Word,  ir:ade  in  1743?  &C.  as  alfo  in  the  ninth  chapter  of 
the  hrll  book,  a-  n  eiphth  ot  the  t-:.d.  ' 

-f    See  tHc  ;!bovr-nv-iiti(;i-:d  ['c-k'tns\  Navigation,  page  250. 

J  Sec  Bifhop  I'ln^mai  ^;.'at's  excellent  Hiilory  of  the  Royal  Society  in 
i' 6  ,  page  246  ;  a  d  ILok'^  i'oUhuQioub  Works,  pubhflicd  by  Richard  >'-^  aiuTf, 
Liv].  in  1705,  p.  -s,-^,']. 
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plough,  noilurnal,  incHnatory  needle  and  globe,  together  with  all  the  ne- 
cefTary  tables  ;  the  whole  being  delivered  in  a  manner  Co  well  adapted  to 
the  general  humour  of  mariners,  that  it  has  undergone  numbcrlefs  edi- 
tions :  the  laft,  I  have  feen,  was  in  1739  j  but  fome  late  writers  feem  to 
have  abated  the  run  of  this  book. 

As  in  failing  -efpecial  regard  ought  to  be  had  to  the  lee-way  a  fhip 
makes,  fo  many  authors  have  touched  upon  this  point ;  but  the  allow- 
ances ufually  made  on  that  account  are  very  particularly  fet  dov/n  by  Mr. 
yo'h'n  Buckler^  and  publifhed  in  a  fmall  tracfl:  firft  printed  in  1702,  intitkd, 
ji  New  Compendium  of  the  whole  Art  of  Navigation^  written  by  Mr. 
IVilUam  fones. 

We  ought  not  here  to  pafs  over  in  filence  the  very  ufcful  invention  of 
Dr.  Gowin  Knight,  which  is  the  making  artificial  magnets,  that  are  ot 
greater  efficacy  than  the  natural  ones.  Though  the  Doctor  has  not 
thought  fit  to  reveal  his  fccret ;  yet  others  have  found  it  out,  who  have 
made  it  public,  particularly  the  Rev.  f'jhn  Mitchcl,  and  Mr.  Jchn  Can- 
ton; the  firft-  in  a  treatife  of  Artificial  Adagnets,  printed  in  175OJ  the 
other  in  the  Philofophical  Tranfia^ions,  vol.  XLVII.  Ann.  1751. 

The  Earth  being  now  univerfally  agreed  to  be  not  a  perfect  globe,  but 
a  fpheroid,  whofe  diameter  at  tlie  poles  is  fliorter  than  any  other  ;  the 
Rev.  Dr.  Patrick  Murdoch  publifhed  a  tract  in  1 741,  where  he  accom- 
modated JVright\  failing  to  fuch  a  figure  ;  and  Air.  Colin  Maclaurin^  the 
fame  year,  in  the  Philofophical  Tranfa^ions,  N°  461,  gave  a  rule  to  de- 
termine the  meridional  parts  of  a  fpheroid,  which  fpcculation  he  farther 
treats  of  in  his  book  oi  Fluxions,  printed  at  Edinburgh,  in  1742. 

Though  Sir  Ifaac  Newton  in  his  Principia,  firft  printed  in  1686,  had 
demonftrated  frcrm  the  theory  of  gravity,  that  this  muft  be  the  real  form 
of  the  Earth,  as  it  revolved  about  an  axis  ;  yet  in  the  year  1718  M.  Caf~ 
fini  again  *  undertook  from  obfervations  to  (hew  the  contrary,  and  that 
the  earth  v/as  a  fpheroid,  having  its  longcft:  diameter  paffing  through  its 
poles  t  ;  and  in  1720M.  de  Mairan  advanced  arguments,  fuppofcd  to  be 
ilrengthened  by  geometrical  (femonftrations,  to  confirm  farther  M.  Caf- 
finVi  aftcrtion.  But  in  the  Philofophical  TranfaSlions  for  1725,  N''  3^'6, » 
387,  3S8,  Dr.  DefaguUcrs  publilhcd  a  difl'ertation,  wh'.-rein  he  made  ap- 
pear the  weakncfs  of  the  reafoning,  and  the  infufficicncy  of  the  obferva- 
tions, as  they  were  managed,  to  fettle  fo  nice  an  afFair.  He  there  alfo 
propofcd  a  proper  method  for  adjufting  this  point,  when  he  fays.  If  any 
confequence  of  this  kind  could  be  drawn  from  aSlual  meafuring,  a  degree  of 
latitude  fhould  be  meafured  at  the  equator,  and  a  degree  of  longitude  likew'fe 
meafured  there  ;  and  a  degree  very  northerly,  as  for  example,  a  whole  degree 
might  be  aSlually  meafured  upon  the  Baltic  y^i^,  when  frozen,  in  the  latitude 


♦  In  the  Memoirs  of  the  Royal  Academy  of  Sciences  at  Paris,  his  father 
in  1701,  and  he  in  1713,  attempted  to  prove  the  Eaith  was  an  oblong;  iphc- 
roid. 

t  M.  "John  Bernouilli  in  his  EJ/ai  d" unt  NowvelU  Pl^yfique  Celcfte,  printed  at 
Paris  in  17^5,  triumphs  owr  S,r  I/aac  Nei^(-n  ;  vainly  imaginifM;  tlitie  pie- 
carioua  cbfci rations  could  invalidate  \vhat  Sir  Ijaac  had  dcmoi.lt  aicd. 
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ofjixty  degrees.  There,  according  to  M.  CaJJlni's  laji  fuppofition,  a  de- 
gree vjould  be  56653  toifes: ;  whereas  at  the  equator  it  would  be  of  58019 
toifes,  the  difference  being  i'ij,bb  toifes^  about  the  two  a  fid  fortieth  part  of  a 
degree^  which  muji  be  fenftble ;  and  likevoije  the  degree  of  longitude  would 
according  to  him  be  of  56817  ioifes,  lefs  by  1202,  or  the  forty-eighth  party 
than  a  degree  c/" latitude  at  the  iamc  place. 

On  this  admonition,  in  1735,  there  were  f(.»nt  from  France  two  fets  of 
mathematicians,  members  of  the  Royal  Academy  of  Sciences  ;  one  to- 
wards the  pole,  the  other  to  the  equator,  in  ordef  to  meafurc,  at  each 
p'ace,  the  length  of  a  degree  on  the  meridian.  The  report  they  brought 
homcj  quite  overfet  what  had  been  urged  in  favour  of  the  oblong  figure; 
a  degree  towards  the  nocth,  in  the  latitude  of  66''  20'',  being  found  to  con- 
tain about  5-7438  toifes,  and  near  the  equator  but  56750. 

This  unwelcome  news  caufcd  a  degree  to  be  again  meafured  in  France^ 
which  at  length  came  out  to  be  confonant  with  thofe  which  had  been 
brought  from  very  dif^ant  parts  of  the  world,  Thus  thefe  maihematir 
cians  confirmed  oy  painful  -obfervations,  what  Sir  Ifaac  Newton  had,  as 
M.  dc  Maupertiiis  ufed  to  fay,  dcteiniiiied  in  his  elbow-chair  ;  Sir  Ifaac 
jTiaking  the  length  of  a  degree  under  the  pole  to  be  57382,  and  at  the 
equator  56637  toifes.  And  perhaps  no  obfervations  can  be  exact  enough 
to  determine  this  matter  more  precifely. 

But  let  us  mention  fome  of  the  foreign  writers  on  navigation. 
At  P.-?ne^  in  1607,  came  forth  a  treatife,  intitled,  Nautica  Mediterra-' 
nea^  wntien  in  Italian  by  Bartoloinciu  Crefcenti^  the  Pope's  engineer. 
'1  he  autlior  miffes  no  opportunity  of  expofing  the  errors  o(  Medina  ;  but 
fcarce  gives  any  thing  of  his  own,  except  a  machine  for  meafuring  the 
W'iV  a  fhip  made. 

As  the  Jefuits  have  treated  of  mofl  branches  of  learning,  fo  this  art 
has  not  been  beneath  their  confideration  ;  the  three  following  authors 
having  been  of  their  fociety. 

At  Parisy  in  1633,  Father  George  Fournier^  publiflied  an  Hydrography^ 
principally  relating  to  navigation.  The  author  would  perfuade  us,  that 
one  of  Dieppe  had  corrected  the  plane  ch.rt;  and  that  the  Hollanders 
learnt  of  the  French  the  making  charts  fo  corrected  ;  whereas  this  had  been 
engraved  lon«;  before  at  Amfierdam^  by  lodocus  Hondius^  and  others. 

John  Baptij}  Riccioli,  in  liis  Geographia  i'^'  Hydrographia  Rcfor?}iata^ 
printed  at  Bologna  in  1661,  inferts  a  treatife  of  navigation,  collecting  his 
materials  from  alrnoft  every  writer,  as  he  docs  in  his  Jlmagejl  and  Chro- 
jiqIo'ts^  which  is  indeed  the  chief  merit  of  his  works. 

Father  Millet  Dechalles  wrote  on  this  fubje>:t  after  a  more  mafterly 
manner,  both  in  his  Ciirfus  Mathcmaticus^  firft  printed  at  Lyons  in  1674, 
and  in  a  French  treatife,  publiihcd  in  1677,  intitled  U Art  de  Navigcr  de- 
montrc  par  Principes. 

Thefe  three  authors,  beficlcs  treating  of  the  dillercnt  kinds  of  failing, 
abound  in  methods  for  taking  of  altitudes,  finding  the  variation,  and 
eilimatin;;  the  w^y  a  (liip  makes,  &c.  They  alfo  defcribe  a  machine  re- 
fem  ng  that  of  Crefccnti.  Riciioli  gives  a  very  faulty  mcafure  of  the 
Ear  h,  made  by  himiclf ;  and  Dechalles  advifcs  the  uCe  of  a  pendulum  in 
reckoning  by  the  log-line,  as  alfo  of  wheel-work  for  the  fau'ic  purpofc,  as 
P,:-".'''  '.5  and  Cole  had  done. 
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But  there  were  writers  in  France  between  Fournier  and  Dechalles.  For 
in  1666,  and  the  following  years,  there  were  printed  at  Dieppe  feveral 
trails  handling  different  parts  of  navigation,  couipofed  by  M.  G.  Denysy 
which  have  been  often  reprinted. 

And  in  1671  the  Sieur  Blondel  S.  Juhin  publifhed  a  book  called, 
VArt  de  Naviger  par  le  ^lartler  de  ReduBion^  defcribing  an  inftrument  * 
much  in  ufe  amongft  the  French  failors,  by  which  may  be  performed,  as 
by  the  finical  quadrant,  the  operations  of  navigation,  though  not  much 
more  fpeedily  than  by  the  traverfe  table,  and  not  at  all  fo  accurately. 
He  alfo  publifhed  in  1673  his  Trefor  de  la  Navigation,  where  the  art  is 
well  treated  of,  particularly  by  calculations. 

M.  Saverien^  in  his  jMaritie  Di^ionary^  printed  at  Paris  in  1758,  fays, 
that  M.  DaJJier  frems  to  have  been  the  firft  of  the  French  writers  that 
fhewcd  the  ufe  of  Gi^nter's  Icales  [cchelles  Angloifes']  in  his  Pilote  expert^ 
printed  in  1683. 

At  Paris,  ten  years  after,  was  publifhed  the  firfl  part  of  a  pompous 
work,  iiititled,  Le  Neptune  Franpis,  by  order  of  the  French  king,  con- 
fifirtng  of  fea-charts,  according  to  lVright'%  fcheme,  made  from  the  lateft 
obiervations,  and  reviewed  by  MefT.  Peyie,  CaJJini,  and  others.  As  this 
contained  the  charts  of  Europe  only,  there  were  added  others  of  different 
parts  of  the  world,  printed  the  fame  year  zt^mjierdam.  The  whole  was 
preceded  by  a  difcourfc  of  Al.  Sauveur,  who  had  formed  fome  of  the 
chart?,  where  he  fliews  how  to  perform  the  problems  of  aftronomy  and 
navigation  by  fcales  j  which  diicourfe  had  been  publifhed  by  itfelf  at 
Paris,  in  16.^2. 

M.  John  Bouguer  compofcd,  by  authority,  his  Traite  Complet  de  la  Na~ 
vigation,  firlt  prmted  in  1698,  which  was  well  received,  as  containing 
molt  of  the  practices  then  kiiown  ;  and  Father  Pezenas,  Jefuit  and  Royal 
Profeflor  of  Hydrography  at  Marjeilles,  publifhed  there,  in  1733,  a  trail, 
called,  Elemens  de  Pilotage  ;  and  at  Avignon,  in  1 741,  a  larger  work,  in- 
titled.  Pratique  du  Pilotage.  This  author  fhews  how  to  find  the  meri- 
dional parts  by  the  Artificial  Tangents,  an  old  difcovery  amongfl  us,  de- 
clared lo  long  ago  as  1645,  in  NorivoGd's  Epitome  ;  he  alfo  has  been 
indulirious  m  tranflating  feveral  of  our  mathematical  books  into 
French. 

But  in  1753  AI.  Peter  Bouguer,  fon  of  the  former,  publiflicd  a  very 
elaborate  treat.fc  on  this  fubject,  intitled,  Nouvcau  Traite  de  Navigation, 
which  is  v.ritten  ("cnhbly,  the  author  being  an  excellent  mathematician, 
and  famous  for  other  produclions.  He  there  gives  a  variation-compafs  f 
of  his  own  invention,  and  attempts  to  reform  the  log,  as  he  had  done  in 
the  Memoirs   of  the  Academy  of  Sciences  for  1747.     He  is  alfo  very 


*   It  is  Only  a  kind  of  Ikeletfn  oi  Wright's,  univerfal  map. 

f  M;iny  of  thefe  forts  of  compafTcs  have  been  propofcd  at  different  times, 
as  by  M.  Buache,  in  the  iMemoirs  of  the  French  Academy  of  Sciences  for 
175:,  [are  377  ;  Captain  CLriftopher  Midaleton,  in  the  Pbilofophical  Tranf- 
actKT.s,  N°  450,  Ann.  1738;  and  Dr.  Kmgf.u,  as  improved  by  the  ingenious 
lAr.  'John  Smcatout  ibid,  N°  495,  Ann.  1750. 
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|wnicu!af  iti  determining  th6  lunations  more  accurately  than  by.  the 
corfimon  methods,  and  in  defcribing  the  corredlions  of  the  dead  rec- 
ktMiings. 

The  excellent  aftronomer,  M.  eit  la  Caille^  in  1760,  made  an  edition  of 
M.  Bouguer^s  book,  which  he  fomewhat  abridged  and  improved. 

In  1766,  came,  out  at  Paris,  a  treatife,  with  this  title,  Abrege  du  Pl- 
iotage  divifi  en  deux  parties^  ou  on  traltc  principalenuf:t  d-es  Amplitudes^  des 
Loxodromi  j,  dans  I'hypothefe  de  la  Sphere  et  de  Spberoide^  des  marees^  des 
variations  de  I'aiman, 

The  former  part  of  this  book  was  firft  publifhcd  in  1693.  Here  the 
"whole  is  improved  by  M.  le  Monnier. 

Though  the  Spaniards  were  the  earlieft  writers  on  navigation,  yet  they 
were  verv  backward  to  adopt  its  improvements.  Indeed  Antonio  de  Naie' 
ra  publimcd  at  Li/bony  in  1628,  a  treatife,  intitled,  Navegacion  efbecula^ 
liva  y  praSiica  \  where,  though  the  author  rectifies  the  tables  of  the  Sun 
and  fixed  ftars,  from  Tycho  Brab/s  obfervations,  he  proceeds  no  farther 
in  the  theory  of  navigation  than  M^hat  had  been  advanced  by  Noniusy  as 
followed  by  Cefpedes.  But  of  late,  in  1 7 12,  was  printed  at  the  fame  place, 
Jrte  de  Nr.vcgar  por  Manual Pimental  y  where  is  /hewn  the  ufe  of  IVright's 
chart,  which,  in  imitation  of  the  Frenchy  the  author  calls  Charta  Redu- 
zida.  He  likewife  defcribes  Davis's  quadrant,  and  mentions  Norwood 
and  Picard'5  meafurcs  of  the  Earth.  In  1757  a  treatife  was  printed  at 
Cadi&y  intitled,  Compendio  de  Navigacion  para  el  ufo  de  los  Cavelleros 
Guardias  Marinas,  written  by  the  ingenious  gentleman  mentioned  above, 
Don  Jorge  'J:;an.  This  is  a  good  performance,  delivering  very  diftindtly 
the  feveral  parts  of  the  art,  as  now  improved.  Some  things  are  here 
omitted,  that  ufually  occur  in  books  on  this  fubje<5i ;  but  for  the  know- 
ledge of  fuch  particular?,  references  are  made  to  trails  compofed  exprcfly 
for  the  ufc  of  the  fociety  of  gentlemen,  dcftined  for  the  fea-fcrvice. 

Bongiier  and  Jorge  jfimny  defcribe  and  commend  the  method  of  divid- 
ing inftruments  for  taking  of  angles,  publifhed  by  Peter  FeYnier,  in  a 
treatife,  intitled.  La  ConJiruBiony  iffc.  du  quadrant  nouveaUy  printed  at 
BruJJ'elsy  in  1631.  'I  his  divilion  is  an  improvement  of  that  of  Cur tiusy 
as  that  of  Fe>erius  is  of  the  divifion  by  diagonals  *,  and  readily  follows 
from  the  firft  Lcm?PM  of  Ciavius's  treatife  on  the  Ajlrolahe  f,  as  has  been 
obfcived  by  Fc-zenas,  in  a  b®ok  he  publifhed  zx.  Avignon  in  1765,  in- 
titled,  Ajiron:mie  des  Marins. 

As  to  their  tre.uing  of  IVrlghf^  chart,  I  mentioned  above  SnelUus  and 
Jlletius.  To  an  edition,  in  1665,  of  T/acg's  fmall  tables  of  logarithms, 
&c.  is  addc'I,  by  Abraham  de  Gruely  one  of  meridional  parts,  whofe  ufc 
he  fhews,  'widi  other  parts  of  navigation,  in  his  Courfe  of  Mathematicsy 
written  k'  Ditch,  and  prin«-ed  at  Amfurdam  in  1676,  as  had  been  done 
by  J'Jyn  Virct,  in  his  Flambeau  rehiijjant  ou  Threfor  de  la  Navigationy  at 
the  iaiiiC  place,  in  1677. 


♦  See  Mr.  Kohins'^^  Muthematical  Trails,  where  thefe  divifions  are  largely 
tristed  of. 

i    i-i;lt  printed  at  Rome,  in  1693. 
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The  Dutch  are  great  navigators,  and  have  been  famous  for  their  At- 
lajfesy  before  which  are  premlfed  treatifes  of  navigation,  as  has  been  al- 
ready obferved.  The  oldeft  I  have  feen  of  thefe,  was  publifhed  at  Leyden 
in  I s^A,  inutled,  Spiegel  der  Zee-Faert  (or  Minor  of  Navigations)  by 
Lucas  yanfz  TVaghenaer.  In  their  later  AtlaJJes  there  is  defcribed  an  in- 
firument  to  be  ufcd  after  the  manner  of  Davis's  quadrant,  but  where  in- 
ftead  of  circular  arches  are  fubftituted  ftraight  lines. 

Notwidulanding  all  the  improvements  hitherto  mentioned,  th^  fea^ 
rn-korfir.gSy  though  kept  by  fuch  as  were  deemed  very  fkilful  mariners, 
are  often  found  widely  different  from  the  truth.  But  this  often  happens 
through  negligence,  as  I  have  heard  Dr.  Halley^  who  had  ufed  the 
fea,  fay. 

Thefe  errors  would  be  avoided,  if  from  time  to  time  the  latitude  and 
longitude  could  be  determined.  The  firft  is  generally  obtained  by  the 
meridian  altitude  and  declination  of  the  Sun  being  given.  The  declina- 
tion is  got  by  the  help  of  tables  of  the  Sun,  with  an  eafy  trigonometrical 
operation. 

But  even  the  latitude  could  not  be  very  exacl,  before  the  hmovis  Kephr 
had  determined  the  true  form  of  the  Earth's  orbit  *.  Hence  were  fabri- 
cated his  Tabula  Rudolphina.  Next,  thofe  of  Mr.  Thomas  Street  w'cre 
in  great  rcqueft  f.  But  they,  in  their  turn,  yielded  to  Dr.  Halley'Sy  and 
his  again  to  thofe  of  the  accurate  and  elaborate  Mayer  \  which,  howeve-, 
will  want  to  be  corrected  hereafter  :  For,  as  Sir  Ifaac  Newton  has  fliewn» 
that  all  bodies  mutually  attra£l  one  another,  the  Earth  will  be  difturbed 
in  its  motion  by  the'adlions  of  fome  of  the  other  planets. 

To  find  the  longitude  is  a  much  more  difficult  affair.  For  this  end,  at 
prefent,  the  focieties  of  learned  men  in  Europe  offer  from  time  to  time  re- 
wards to  fuch  as  fhall  bed:  treat  of  particular  fubje(5ls  in  mathematicks  or 
phvficks.  Some  of  thefe  have  been  relating  to  navigation,  when  Polleni^ 
BernouiUi,  Bouguer^  and  others  have  obtained  the  prizes.  And  it  is  hoped, 
this  inliitution  may  contribute  to  the  advancement  of  the  art. 

Eclipfes  of  the  moon  were  ufed  of  old  ;  and  ATp/^r  recommended  thofe 
of  the  Sun  as  preferable  [j. 

The  fatellitcs  of  'Jupiter  were  no  fooncr  difcovered  by  the  great  Gal- 
lileo  §,  than  the  frequency  of  their  eclipfes  recommended  them  for  this 
purpole  ;  and  amonglt  thofe  who  attempted  this  fubje6t,  none  were  more 
iuccefsful  tlian  Signer  Dominic  CoJJini. 

This  great  aftronomer  in  1688  publiflicd  at  Bolcgna  tables  for  calcu- 
lating the  ^appearances  of  their  eclipfes,  with  direi5lioi«  for  finding  thence 
the  loiv^itudcs  of  places  ;  and  being  invited  to  France  by  Lewis  the  Four- 
teenth, he  th.re  pubiifiied  correcter  tables  in  1693.  But  the  mutual  at- 
tradlions  of  the  fatellites  on  one  another  rendering  their  motions  exccf- 
fively  irregular,  the  tables  foon  run  out ;  infoniuch  that  they  require  to 
be  rcnev.cd  from  time  to  time,  which  has  been  periurnicd  by  ingenious 


*  In  his  treatife  de  Motu  Martis,  in  1609, 

I  In  iiis  AflroKcmta  (Ic-.rolma,  in  1661. 

II  -fabul,!'  Rudclph.  printed  at  U!.-n  in   i^?-',  cap.  Xvi.  .'v  x.\.\a. 
S  In  hi';  Sji/erf  ,i  ^\;,n-i_.r^  l^if\  j  nnted  ai  /V'*/Vt  in  I'  1  ;. 
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perTons,  as  Dr.  Jamci  Pounds  Dr.famei Bradley  *,  M.  Cajfin'i  the  fon,  and 
M.  Peter  Wargentln  \  ;  fo  that  now  many  of  the  common  Almanaa  fet 
down,  when  thcfe  eclipfes  happen  throughout  the  year. 

The  Rev.  Nevil  Majkelyne^  D.  D.  our  prefent  Royal  Aftronomer,  has 
publifhcd  annually,  fince  the  year  1767,  by  order  of  the  Commiflioners 
of  Longitude,  a  work  entitled,  The  Nautical  Almanac  and  Jjlronomical 
Ephemeris^  containing  not  only  the  ecljpfc*  of  the  fatellites,  but  alfo 
many  other  tables,  to  enable  the  mariner  to  determine  the  longitude  at 
fca  J  particularly  tables  of  the  diflances  which  the  moon's  center  will  have 
from  that  of  the  Sun,  and  from  fixed  ftars,  at  every  three  hours,  under 
the  meridian  of  the  Royal  Obfervatory  at  Greenwich^  and  which  have 
fince  beeen  copied  into  the  Connoifance  da  Tempi  for  thcfe  latter  years  by 
the  editor  of  that  work. 

The  large  reWard  granted  by  the  Parliament  for  a  practical  way  of 
difcovering  the  longitude  at  fea,  has  put  many  upon  the  fearch  :  info- 
much  that  fevcral  idle  and  abfurd  fchemes  have  been  offered  by  ignorant 
and  wrong-headed  men.  But  the  perfecting  the  methods  propofcd  long 
ago  by  'John  Werner  and  Gemtna  Frtfius^  feems  at  prefent  to  engage  the 
attention  of  the  public. 

The  theory  of  the  moon,  thofigh  muchj  a'njended  by  the  noble  Tycho 
Brake  and  Mr.  Jeremy  Hgrrox  J,  was  found  to  be  infufficient  to  anfwer 
this  end.  But  the  caufes  of  her  various  irregularities  having  been  difco- 
vered  by  Sir  Ifaac  Neiuton,  and  _her  theory  thence  improved  beyond  ex- 
peclation,  gave  great  hopes  of  fuccefs  j  which  have  fince  been  happily 
fulfilled  by  means  of  the  improvements  which  have  fince  been  made  in 
the  methods  of  computing  the  fcveral  quantities  of  thefe  inequalities  by 
M.  Elder,  and  Tobias  Mayer  of  Gottingen  §  ;  The  former  of  thefe  gen- 
tlemen having  been  happy  iri  reducing  Sir  Ifaac  Newton  9.  theory  into  neat 
analytical  expreffions,  of  which  the  latter  availing  himfelf,  was,  by  a  very 
lingular  addrefs  of  his  own,  enabled  to  bring  out  the  greateil:  quantities 
of  the  equations  with  eafe  and  exacflnefs,  and  thence  to  conftruct  tables 

*  He  fucceeded  Dr.  HalUy  at  Green-ivich,  where  he  made  a  great  number 
of  Aftronomical  Obfcrvations,  which,  as  they  are  moft  accurate,  it  is  hoped 
will  not  be  loft.  He  became  famous  on  obferving  and  accounting  for  an 
apparent  motion  in  the  fixed  ftars,  and  called  their  aberration,  which  was 
immediately  exhibited  by  the  great  mathematician  Dr.  Brook  Taylor  accord- 
ing to  the  exift  theory  of  the  Earth's  motion.  See  Mr.  Robins'i  Mathemati- 
cal Trat'ts,  vol.  II.  page  276. 

f  War^eniin'^  tables  are  much  ellcemed  ;  they  were  firft  publifhed  at  Stock' 
halm  in  the  Acla  Societatis  Regii  Scientiarum  Up/alenjis  for  the  year  174',  but 
fmce  more  corrcft  from  a  new  copy  of  the  author's  at  Paris  in  1759.  by  M. 
de  la  Lande.  The  ingenious  author  has  rendered  them  yet  more  corred,  and 
his  labours  on  this  head  may  be  feen  in  the  Connoifance  des  Temps  for  1766,  and 
xhe  Nautical  yTmar.acs  for  ijyi,  and  1779. 

X  This  great  genius  died  in  1 6.1.1,  fcarce  23  years  old.  See  his  Opera 
Pofihuma,  publiftied  by  the  famous  Dr.  John  ^VaHis  at  London,  in  1673. 
//orrcAT  firft  obferved  the  Tranfit  of  A'^wB/ over  the  Sun  in  1639.  ^^^  wrote 
an  account  of  this  Phencmenon^  which  was  publifhed  by  the  great  aftronomer 
IIcTdlius,  at  Dant^ic,  in  1661. 

§  Cofi-  i>C'Ciet.  R'^'  Gdttingenf  torn.  IT.  page  2S3. 
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agreeing  to  the  moon's  motion  in  every  part  of  her  orbit,  with  very  fur- 
prifing  exadlnefs.  And  this  ingenious  perfon  has  left  behind  him  tables 
ftill  more  exacl  *,  for  which  the  Britijb  Parliament  have  rewarded  his 
widow  with  £.  3000,  as  alfo  Mr.  Euler  with  £,  300.  Thefe  tables  were 
publifhed  in  1770,  by  Dr.  Majkelyne. 

As  to  the  method  of  Gemma  Frijlus^  M.  Huygem  was  perfuaded  it 
might  be  accomplished  by  his  inventions  of  pendulum  clocks  and  watches; 
a  defcription  of  the  firft  he  publiflied  in  a  fmall  trad,  printed  at  the 
Hague^  in  1658  ;  and  of  the  fecond,  as  improved,  in  the  Journal  des  Spa^ 
vans  for  the  month  of  February^  1675.  And  great  expectations  of  fuc- 
cefs  had  been  raifed  from  forne  trials  made  in  a  voyage  with  thefe  watches 
of  the  firft  conftruition,  by  Major  Hohnes  ;  an  account  whereof  is  given 
in  the  Philofophical  Tranfadions,  Ann.  1669.  But  the  various  accidents 
thofc  movements  arc  liable  to,  foon  caufed  that  way  to  be  laid  afide. 

Notwithftanding  which,  the  ingenious  Mr.  "John  Harrifon  has  for 
many  years  paft  employed  himfelf  in  contriving  a  machine,  that  fhall 
be  free  from  all  imaginable  inconveniencies  ;  and  his  endeavours  were 
fo  well  approved  of  by  gentlemen  of  the  greateft  knowledge  in  thefe  fub- 
jecls,  that  the  commiflioners  for  the  longitude  thought  fit  to  allow  him 
fome  gratifications  for  his  pains.  He  was  afterwards  farther  confidered, 
upon  difclofing  the  internal  ftru6lure  of  his  machine,  and  the  whole  re- 
ward'has  fince  been  given  him  by  Parliament. 

The  difficulty  of  making  obfervations  at  fea  with  fufficient  exacftnefs 
for  finding  the  longitude,  was  feared  to  be  infurmountable  ;  but  at- 
tempts have  not  been  wanting  to  overcome  it.  In  the  Hiftory  of  the 
Royal  Society,  at  page  24.6,  we  meet  with  the  firft  mention  of  an  inven- 
tion in  thefe  words  :  A  new  injiniment  for  taking  angles  by  rejlc^ion,  by 
which  means  the  eye  at  the  fame  time  fees  the  two  obje^fs  both  as  touching  the 
fa?ne  pointy  though  cli/lant  almojl  to  a  femicircle  ;  which  is  of  great  ufe  for 
making  exa£l  obfervations  at  fea.  A  figure  of  this  inftrument,  drawn  by 
Dr.  Hcok^  the  inventor,  is  given  in  the  Doctor's  f>ofthumous  works,  with 
a  defcription,  at  page  503.  But  here,  as  one  reflection  only  was  made 
ufe  of,  it  would  not  anfwer  the  purpofe.  However,  this  was  at  L.ft 
effected  by  iSir  Ifaac  Neivton^  who  communicated  to  Dr.  Halley^  about 
the  year  1760,  a  paper  of  his  ow^  writing,  containing  a  defcription  of 
an  inftrument  with  two  reflection^,  which  ibon  after  the  Dodtor's  death 
was  found  among  his  papers  by  Mr.  fones,  who  communicated  it  to 
the  Royal  Society,  and  it  was  publifhed  in  the  Philofophical  Tranf- 
adtions,  ^'^465,  Jnn.  1742. 

How  it  happened  that  Dr.  Halley  never  mentioned  this  in  his  life- 
time, is  very  extraordinary  ;   feeing  fohn  Hadlcy^  Efq.  f  had  defcribcd, 

•    See  his  Elogium  in  the  i^ova  Ada  Eruditorum,  for  March  1762. 

t  Mr.  Hudiey  being  well  acquainted  with  Sir  Jfaac  Nevofon,  might  have 
he.ird  him  fay,  Hok'^  |.ropor;il  could  be  psrfefted  by  means  of  a  double  re- 
fle:lion.  However,  Mr.  Hadlty,  being  a  very  ingenious  perfon,  m'g!  t  have 
hit  on  the  fam  ;  thc;:tjht;  as  well  ai  Mr.  Godfrey  of  P^n/yhania  C'  when 
the  invention  of  this  aJmirable  indrument  1}3S  been  afcrib'^d  by  (ome  entle- 
CiCn  of  that  colony  :  This  is  not  the  only  ca''e,  wherein  d-ffercnt  p:rfon$  have 
prodac>  'i  nmilar  inventions. 
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inN'*430>  Aim.  l7Jr,  an  inftrumcnt  grounded  on  the  fame  principles, 
which  is  fo  well  cfteemed,  that  our  fhops  abound  with  them,  accom- 
anodated  with  f'irw/Vr's  divifion,  as  they  are  made  by  our  moft.fkilful 
workmen ;  and  are  now  ih  general  ufe  amongft  the  fkilful  feamen  of 
moft  of  the  maritime  nations. 

Though  M^ina*^  method  for  finding  the  place  of  the  horizon  was  ab- 
furd  ;  yet,  for  this  end,  feveral  plaufible  ones  have  beCii  propofcd  by  in- 
genious pcrfons,  as  Mefl".  Eitoriy  Hadley^  Godfrey^  and  Leigh ;  and  that 
chiefly  by  applying  a  level  to  Davis's  quadrant.  Their  devices  are  de- 
fcribcd  in  the  Philofophical  Tranfadtions  for  1732,  33,  34,  and  37. 
And,  laftly,  an  Horizontal  Top,  invented  by  the  late  Mr.  Serfon^  who 
was  unfortunately  loft  at  fea  aboard  the  ViSlory  man  of  war,  has  been  ap- 
proved of,  and  publifhed  by  Mr.  Smeaton  in  the  Philofophical  Tranfac- 
tions,  vol.  XL  VII.  for  1752,  part  ii.  page  352. 

Some  methods  ufed  for  obtaining  the  place  of  the  horizon,  and  of  ob- 
ferving  with  Mr.  Hadlefs  RefleSling  Senior,  are  defcribed  by  Mr.  Ro^ 
hertfon,  in  his  Elements  of  Navigation  j  which  treatife  has  defervedly  met 
with  the  approbation  of  the  public. 

Thus  have  I  endeavoured  to  trace  out  the  principal  fteps  by  which 
the  art  of  navigation  has  advanced  to  its  prefent  height ;  nor  without 
hopes^  that  the*attempt  may  not  prove  altogether  unacceptable  to  thofe 
whofe  bufinefs  or  curiofity  lead  them  to  be  acquainted  with  this  very 
ufel^ul  branch  of  the  mathematics  :  on  the  fuccefsful  pra6lifing  of  wliich 
depends,  in  an  efpecial  manner,  the  flourifhing  ftate  of  our  country. 

This  Dillertation,  written  at  firft  by  defire,  is  now  reprijited  with 
alterations.  Though  I  may  be  thought  to  have  dwelt  too  long  on  fome 
particulars  not  dire<5^1y  relating  to  the  fubjedl ;  yet  L  hope  that  what  ir> 
lb  delivered,  will  not  be  altogether  unentertaining  to  the  candid  reader. 
As  to  any  apology  for  having  handled  a  matter  quite  forfeign  to  my  way 
of  life,  I  fliall  only  plead,  that  very  young,  living  in  a  fea-port  town,  I 
was  eager  to  be  acquainted  with  an  art  that  could  enable  the  Mariner  to 
arrive  acrofs  the  wide  and  pathlefs  ocean  at  his  defired  harbour. 

London.  JAMES     WILSON. 
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ADVERTISEMENT. 

As  it  may  be  expelled  that  four  kinds  of  readers  will  look  into 
this  book,  it  was  thought  convenient  to  point  out  to  fome  of 
them,  the  places  where  they  may  meet  with  what  they  more  particu- 
larly want. 

First.  Thofe  who  having  made  a  proficiency  in  the  mathematics, 
will,  it  is  likely,  examine  in  what  manner  the  fubje£ts  are  here  treated, 
and  whether  any  thing  new  is  contained  therein :  it  is  conceived  that 
fuch  readers  will  find  fome  things  which  may  recompence  them  for 
their  trouble,  in  almoft  every  one  of  the  books. 

Secondly.  Thole  learners,  who  are  defirous  of  being  inftruded  in 
the  art  of  Navigation  in  a  fcientific  mani^r,  and  would  chufe  to  kp 
the  reafon  of  the  feveral  fteps  they  muft  take  to  acquire  it :  To  fuch 
perfons,  it  is  recommended  that  they  read  the  whole  book  in  the  order 
they  find  it ;  or,  if  the  learner  is  very  young,  he  may  omit  the  IV th 
and  Vth  books  till  after  he  is  mafter  of  the  Vlth  and  Vllth, 

Thirdly.  That  ciafs  of  readers,  which,  with  too  much  truth  may 
be  faid,  comprehends  moft  of  our  mariners,  who  want  to  learn  both 
the  elements  and  the  art  itfclf  by  rote,  and  never  trouble  themfelves 
about  the  reafon  of  the  rules  they  work  by :  As  it  is  probable  there 
ever  will  be  many  readers  of  this  kind,  they  may  be  well  accommo- 
dated in  this  work;  thus,  if  they  are  not  already  acquainted  with 
Arithmetic  and  Geometry,  let  them  read  the  five  firft  rules  of  Arith- 
metic, to  page  20 ;  thence  proceed  to  the  definitions  and  problems 
in  Geometry,  from  page  43  to  58.  la  the  book  of  Trigonometry, 
read  pages  89,  90,  91,  92,  98,  99,  and  from  104  to  114:  the  whole 
of  book  VI.  In  boolc  the  Vllth  they  may  read  to  page  35,  and  as 
much  more  as  they  pleafc.  In  book  VIII,  let  them  read  the  fecSlions 
III,  IV,  V,  VI,  from  page  146  to  page  182,  In  book  V,  they  may 
read  fcdlion  III,  and  as  many  problems  in  the  Vth  and  Vlth  fc^Siions 
as  they  can ;  and  let  them  read  the  whole  of  the  ninth  book. 

Fourthly, 
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Fourthly.  That  fet  of  readers  who  will  not  be  at  the  pains  of 
learning  any  thing  more  than  how  to  perform  a  day's  work  ;  fuch  majr 
herein  meet  with  the  pradlice  almoft  independent  of  other  knowledge. 
Let  fuch  perfons  make  thcmfelves  acquainted  with  fe6tion  IV.  of  book 
VI,  and  the  ufe  of  the  table  at  page  374 ;  then  learn  the  ufe  of  the 
Traverfe  Table  at  the  end  of  book  VII,  which  they  will  find  exem- 
plified between  pages  8  and  35,  Vol.  II  j  alfo  they  muft  learn  the  ufe 
of  the  Table  of  Meridional  parts  at  the  end  of  Book  VIII.  After 
which,  they  may  proceed  to  book  IX,  where  they  will  find  ample  in- 
ftru£lions  in  all  the  particulars  which  enter  into  a  day's  work.  But 
with  this  fcanty  knowledge  of  things,  they  will  be  obliged  to  omit 
forae  parts,  which  it  is  well  worth  their  pains  to  be  acquainted  with. 
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SECTION    I. 
DeJi?2itions  and   Principles. 

RiTHMETiCK  is  a  fcience  which  teaches  the  properties  of 

numbers  ;  and  how  to  compute  or  cftimate  the  value  of  things. 

2.  An  Unit  or  Unity,  is  any  thing  confidered  as  one. 

3.  Number,  in  general,  is  many  units. 

4.  Digits  or  Figures  are  the  marks  by  which  numbers  are  de- 
noted or  exprelTed,  and  are  the  nine  following. 

Digits^      I.        2.         3.  4.        5.      6.        7.         8.         9. 

Names^  One.  Two.  Three.  Four.  Five.  Six.  Seven.  Eight.  Nine. 
And  with  thefe  is  ufed  the  mark  o,  called  cypher,  which  of  itfelf 
ftands  for  nothing  j  but  being  annexed  to  a  digit,  alters  its  value. 
Thus  ^O  Jtgnifics  forty  ;  and  ^00  Ji  and s  for  four  hundred^  iffc. 

5.  Integer,  or  Whole,  Numbers,  arc  fuch  as  txprefs  a  number 
of  things,  each  of  which  is  confidered  as  an  unit. 

Thus  four  pounds,  twelve  miles,  thirty-four  gallons,  one  hundred  days, 
\^  c.  are,  in  each  cafe,  called  an  integer  number,  or  whole  7tumber. 

6.  Fractional  Numbers,  are  thofe  which  cxprcfs  the  value  of 
fomc  part  or  parts  of  an  unit. 

TIjw;  one  half,  one  quarter,  three  quarter s^  i^c,  are  each  the  fra^l-^v.al 
parts  ofar.  unit. 

Vol.  I.  B  7.  Nota- 


'"%'  ARITHMETIC  K.  Book  I. 

7.  Notation  is  the  exprefling  by  digits  or  figures  any  number  pro^ 
pofed  in  words ;   and  the  reading  of  any  number  that  is-cxprefled  by  fi- 

:gurcs,  is  called  Numeration. 

V  8.  Decimal  Notation  is  that  kind  of  numbering  in  which  ten  units 
of  any  inferior  name  are  equal  in  value  to  an  unit  of  the  next  fuperior. 

9.  Every  number  is  faid  to  confift  of  as  many  places  as  it  contains 
figures. 

10.  The  va!ue  of  every  digit  in  any  number  is  changed  according  to 
the  place  it  (lands  in  ;  and  the  reading  of  any  number  confifts  in  giving 
to  each  figure  its  right  name  and  value. 

11.  The  right  hand  place  of  an  integer  number  is  called  the  place  of 
units  J  and  from  this  place  all  numbers  begin,  whether  whole  qx  fra6lt- 
cnal\  the  integers  incrcafing  in  order  from  the  unit  place  towards  the 
left  J  and  the  fradlions  decreafing  in  order  from  the  unit  place  towards 
the  right :  and  to  diftinguifh  decimal  fraftions  from  integers,  there  is 
always  a  point  or  comma  ( , )  fet  on  the  left  hand  fide  of  the  fraftional 
number ;  fo  that  the  integers  ftand  on  the  left  hand  fide  of  the  mark, 
and  the  tra(flions  on  the  right  hand. 

12.  For  the  more  convenient  reading  of  numbers,  they  are  divided 
into  periods  of  fuT  places  each,  beginning  at  the  unit  place  j  and  each 
period  into  two  degrees  of  three  places  each,  the  names  and  order  of 
which  are  as  follow :  where  X  ftands  for  the  word  tens,  C  for  hun- 
itrcds,  and  TH.  for  thoufands, 

13.  Integers  Decimal  fractions 

r* ---'- — s      ( 1 — ^ , 

Second  period  Firft  period       Firft  period  Second  period 

Degree  Degree  Degree  Degree  Degree  Degree  Degree  Degree 

rS    ^    -C 


<~   ^   a  tn  ,sz  ,c  ,si    .  '"55 

i:::  '^  -jz  ^o  -a  -a 

C     C     C,c!,.Tl,rt     i>      .  CO     ^  .<n  ,trs     C3 


el*  '^   =   cc«->"*-'— <  —  rr-=5 

vn-^'fl-=:v-;:;;-^j=_c:3   a;    c   <u   ^  -^  -^  -^  -j::  ~  'JZ  ^  :^  -^  r::  \> 
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Decimal  Fractions  are  alfo 
thus  named, 


The  nnme  of  the  flrfl:  pciiod  is  Units  ;  of  the  fecond,  Millions  j  of  the 
third,  Billions  ;  of  the  fourth,  Trillions  ;  &:c. 

In  the  above  order  it  may  be  obferved,  that  each  degree  contains  the 
names  of  U)iits,  Tens,  Hundreds  ;  the  firft  degree  of  a  period  contains 
the  units  of  that  period,  and  the  fecond  contains  the  thoufandths  there- 
of: fo  that  from  hence  it  will  be  eafy  to  read  a  number  confifting  of 
c^  cr  fo  many  places  by  the  following  directions,  * 

5  14.  Rule, 
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14.  Rule.  ift.  Suppofe  the  number  parted  into  as  many  lets  or  de- 
grees of  three  places  each,  beginning  at  the  unit's  place,  as  it  will  ad- 
mit of;  and  if  one  or  two  places  remain,  they  will  be  the  units  and 
tens  of  the  next  degree.  \ 

2d.  Beginning  at  the  left  hand,  read  in  each  degree,  as  many  hun- 
dreds, tens,  and  units,  as  the  figures  in  thofe  places  of  the  degree  ex- 
prefs,  adding  the  name  thoufands,  if  in  the  fecond  degree  of  a  period  ; 
and  adding  the  name  of  the  period,  after  reading  the  hundreds,  tens,  and 
units  in  its  firft  degree. 

Thus  the  integer  number  in  the  preceding  table  will  be  read. 
-  Five  billions,  four  hundred  thirty  two  thoufand,  one  hundred  twenty 
three  millions,  four  hundred  fifty  fix  thouf and,  f even  hundred  eighty  nine, 

15.  All  fractional  numbers  confift  of  two  parts,  which  are  ufually 
written  one  above  the  other  with  a  line  drawn  between  them  :  the  num- 
ber below  the  line,  called  the  denominator,  fhews  into  how  many  equal 
parts  the  unit  is  divided  ;  the  number  above  the  line,  called  the  nume- 
rator, fhews  by  how  many  of  thefe  equal  parts  the  value  of  that  frac- 
tion is  exprefled. 

Thus  9  pence,  is  9  parts  in  twelve  of  a  Jhilling ;  and  may  he  written 
thus,  -Tz,  when  a  Jhilling  is  the  unit. 

16.  Thofe  fractions,  the  denominators  of  which  are  10,  or  100,  or 
1000,  or  1 0000,  or  1 00000,  &c.  are  called  decimal  fraSIions :  but  frac- 
tions with  any  other  denominators  are  called  vulgar  f radians* 

The  vulgar  fra<^ions  that  moft  frequently  occur,  are  thefe  : 

I,  which  is  read  one  fourth,  or  one  quarter. 
^  _____   _  one  third. 

\^  -    -    -   -    . one  half. 

.1  _____    _  two  thirds. 

i  _    _    _    «    _    _  three  fourths,  or  three  quarters. 

17.  As  decimal  fra£lions  are  parts  of  an  unit  divided  into  either  lO, 
100,  loco,  1 0000,  &c.  parts,  according  to  the  places  in  the  fradlional 
numbei' ;  therefore  they  are  read  like  whole  numbers,  only  calling  them 
fo  many  parts  of  10,  or  of  lOO,  or  of  1 000,  &:c, 

!one    -\  r        10,  Ten. 

;r     (places,  will  be  fo  J       ^®"'  ^T^'^\ 
three  >^  .      r  ^     looo,  Thouiand. 

r         I      many  parts  or    I  '  ™,      ^.,      ^     , 

tour     1  J  '^  I   10000,  Ten  1  houfand, 

kc.   J  L      &c. 

18.  Cyphers  on  the  right  hand  of  integers  increafe  their  v.ilue;  on 
the  left  hand  of  a  decimal  fradtion  diminilh  its  value  :  but  on  the  left 
hand  of  integers,  or  on  the  right  hand  of  fractions,  do  not  alter  their 
value. 

B  2  Thus 
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f  8  is  S  units.        I  f  ,8   is  S  parts  in  10      >    - 

ThusUo    Btens.  \  Jnd  ]  ,oS      S  parts  in  lOO    f  f  J^  f?'f 

L  8oo  8  hundreds.  \  I  ,oo8    8  parts  in  looo  1>  ^'^"^^^v 

When  a  fra£lion  has  no  integer  prefixed,  it  is  convenient  to  put  o  in 
the  place  of  units. 

19.  A  Mixed  Number,  is  when  a  fra£lion  is  annexed  to  a  whole 
number. 

Thus  five  and  a  half  is  called  a  mixed  number,  and  is  written  5I,  or 
thus,  5,5  J  which  is  thus  read,  five  and  five  tenths » 

20.  Like  nannes  in  diiFerent  numbers  are  fuch  figures  as  ftand  equally 
diftant  from  the  place  of  units  ;  or  have  the  fame  denomination  an- 
nexed to  them. 

Thus  all  numbers  of  pounds Jler  ling  are  like  names,  andfo  are  all  num- 
bers of  fl)illings  J  the  like  of  any  numbers  of  miles,  i^c. 

21.  Befides  the  decimal  notation  explained  in  article  8,  there  are 
other  kinds  in  common  ule ;  fuch  as  the  duodecimal,  in  which  every 
fuperior  name  contains  12  units  of  its  next  inferior  name  :  the  Sexage- 
nary, or  Sexagefi7nal,  in  which  fixty  of  an  inferior  name  make  one  of 
its  next  fuperior.  The  former  is  ufed  by  workmen  in  the  meafuring 
of  artificers  works  in  building  j  and  the  latter  is  ufed  in  the  divifion  ox 
a  Circle,  and  of  Time. 

22.  The  following  characters  or  marks  are  frequently  ufed  in  Arith- 
metical computations,  briefly  to  exprefs  the  manner  of  operation. 

The  mark  -+-  (more)  belongs  to  addition  ;  and  fliews  that  the  num- 
bers it  ftands  between  are  to  be  added  together. 

Thus  1 2  -}-  3  expreffes  the  fum  of  \i  and  3  j  or  that  3  is  to  be  added 
to  12,  and  is  thus  read,  i2  more  3. 

I'he  mark  —  (lefs)  is  for  fubtraftion  ;  and  ibews  that  the  number 
following  it,  or  on  the  right  hand,  is  to  be  taken  from  the  number  pre- 
ceding it,  or  on  the  left  hand. 

Thus  12  —  3,  exprejjes  the  difference  betiueen  1 2  and  3  ;  or  that  3  is  to- 
be  fubtradfed  from  12,  and  is  thus  read,  i2  Itfs  3,  or  12  lefj'cned  by  3. 

This  mark  x  (into)  for  multiplication,  Ineu^s  that  the  numbers  on 
each  fide  of  it  are  to  be  multiplied  the  one  by  the  other. 

Thus  12  X  3,  denotes  the  product  of  12  into  3  j  or  that  12  is  to  be 
multiplied  by  3. 

Divifion  is  exprefled  by  fetting  the  divifor  under  the  dividend  with  a 
line  drawn  between  them,  like  a  fraction. 

Thus  '/,  exprefjn  the  quotient  of  11  by  1',  or  that  12  is  to  be  divided 

This  fign  r:  (equal)  fhews  that  the  refult  of  the  operation  by  the 
numbers  or  quantities  on  one  fide  of  it,  is  equal  either  to  the  numbers 
or  quantities  on  the  other  fide,  or  to  the  refuJt  of  the  operation  by  thefe 
numbers  or  quantities. 

77wi  i2-{-3m5 ;  and  12 — 3  =  9;  ond  12x3  =  36;  and  V=4  » 

fcvcrally  Jhews  the  value  cf  the  preceding  exprejfions, 
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23.   Tables  of  English  Money,  Weights,  and  Measures. 


Money. 
Farthings  Pence     Shill.  Pound 
960  zz  24.0  zz  20  rz   I  £. 
48  r:     12  zz     IS. 
4  zz        id. 
Note,  1,  ;2,  3  farthings,  arc  thus  writ- 
ten   -    -'-   -i 


AvoiRDUPOisE  Weight. 
Drams    Ounces   Pounds  Hund.Ton 
573440  =^35840  =1:2240  zzzo  zz\ 
28672  r=   1792  n:   112=:  1  C. 
256  zz       16  zz     zz   lib. 
lb  =.  I  oz. 

iVo/*,Provifions, Stores, &c.arcweighed 
by  the  Avoirdupoire,  orgreat  weight. 


Dry  Measure. 
Pints      Gall.     Peeks  Bufli.  Quarter 
5i2:r:64-=32:=:8:=i 
64  =     8   =:     4  rz    I 
16   =      2   zz      I 
8  =     I 
Note,  4bu(h.  zz  i  Comb:  10  qrs.  =:i 
Wey  :    12  Weys  ==  Laft  of  Corn. 
36  Bulhels  r=i  Chaldron  ®f  Coals. 


Troy  Weight. 
Grains  Ptnnyw*"  Ounces  Pourd 
5760  n:  240  =:   iz  zz   i  lb. 
480  n     20  =r      1  oz. 
gr.  24  r=        I  dwt. 
Nou,  Gold  and  Silver  are  weighed 
by  Troy  Weight. 


Wine  Measure. 

Solid  inch. Pints. Gall.  ^Ggfh.PipeTui) 
582i2  =  2bi6=:252i=4zr2  m 
29io6zrico8=:i26rr2rn  P. 
•4553=  504=  63  =  1  Hhd. 


231 


;=:      I 


42  rr:  i  Tierce. 
841=:  f  I'uncheop. 


Cloth  Measure, 
4  Nails        r=  I  Quarter  of  aYard. 

4  Quarters  =r  i  Yard. 

5  Quarters  =:  i  Englilh  ell. 
3  Quarters  =:  i  FlemiOi  ell. 

6  Quarters  r=  i  French  ell. 
a  Span         zz  9  inches. 

a  Hand       zz  4  inches. 


Long  Measure. 


Barleycorns    Inches  Feet 

190080  =  63360  r:  5280 

23760  zz     7920  ir     660 


594  = 

108   = 

36  = 

3 


Yards 
n:   1760 

zz     220 

=         5-r 


Poles   Furl.  Mile. 


320  =  8 
40  =:   I 
I 


198  =        i6{  zz 

36  =  3      = 

12  I 

I 
Alfo  3  miles  make  i  league. 
And  20  leagues  or  60  Sea  miles  make  a  degree. 
But  a  decree  contains  about  69'  miles  of  Itatute  meafure 
A  fathom  zz  6  feet  rr  2  vards. 


Seconds 


Time. 
Minutes         Hours 


31596937  =  52594^  =  ^: 


D.iys       Year 


86400 
3600 


1440  = 
60  - 


24    =;        I  day 
I  hour. 


60   zz 

I 

Pence  Table. 

Even  paits  of  a 

Pound  iiterluig. 

Pence  Sh. Pence 

Pence  Sh.  Pence 

s. 

d.  is        0, 

d. 

20  zr  I  .  8 
3^  rr  2  .  6 

70  =  5  .  10 

«o  =r  6  .     8 

10 
6 

•  0  -n 

.  8     \ 

•-0 

0 

6  is 
4 

T 
1 

0 

or    :,'-; 
I 

1-^ 

40  =  3  •  4 
50  =4  .  2 

90  n:  7  .     6 
ICO  =  8  .     4 

5 

4 

.0     i 
.  0     -i 

a 

0- 

r  en 

3 

2 

1 

■a. 

t 

J 

'i  0 

I 

1  -i  ■&" 

0 

63  =  5.0 

110  =  9.     2 

3 

.4      * 

n 

>[ 

i      5- 

ex. 

2 

.6     {- 
•  0  ,'  . 

3 

oi  - 

'J 

L 

B 
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SECTION    II.     ADDITION. 


Addition  is  the  method  of  colle^ing  Jeveral  numbers  into 
one /urn. 

Rule  ift.  Write  the  given  numbers  under  each  other,  fo  that  like 
names  ftand  under  like  names  j  that  is  units  under  units,  tens  under 
tens,  &c.  and  under  thefedraw  a  line. 

2d.  Add  up  the  firft  or  right  hand  upright  row,  under  which  write 
the  overplus  of  the  units  of  the  fecond  row,  contained  in  that  fum. 

3.  Add  thefe  units  to  the  fum  of  the  fecond  row,  under  which  write 
the  overplus  of  the  units  of  the  third  row,  contained  in  that  fum. 

And  thus  proceed  until  all  the  rows  are  added  together. 

Examples.  ^^ 

Ex.  I.  Add  2^ — 76—47 — 18  and  12  together. 

Thefe  numbers  being  written  under  each  other  will  ftand  thus.  28 
Say  2  and  8  is    10,   and  7  is  17,  and  6  is  23,  and  8  is  31  ;  76 

then,  becaufe  lO  units  in  the  right  hand  row  make  an  unit  in  47 
the  next  rowj  therefore  in  31  there  are  3  units  of  the  fecond  18 
row,  and  an  overplus  of  i;  write  down  the  i,  and  add  the  3  to  12 
the  fecond  row,  faying,  3  that  is  carried  and  i  is  4,  and  i  iS  5,  — — 
and  4  is  9,  and  7  is  16,  and  2  is  18,  in  which  is  one  unit  of  the  181 
third  row  (had  there  been  a  3d)  and  an  overplus  of  8  ;  write  — — . 
down  the  8,  and  add  the  i  to  the  third  row :  but  as  there  is  no  third 
row,  tlie  I  carried  muft  be  written  on  the  left  hand  of  the  8  ^  and  181 
will  be  the  fum  of  the  five  given  numbers. 


Ex.  II.  Jdd  476—3784—18329 
— 290— 75  — 7638— <7n^  46  to- 
gether. 


Ex.  III.  Add  the  numbers,  10768 
— 3489  —  28764  —  289 —  6438 
—  jg  and  ^^H  together.     - 


476 

10768 

^,       .                                   37H 

3489 

The  given  numbers  ^        18329 

The  given  numbers  1 

28764 

fet  in  order  will  ilaiid  C            290 

placed  as  the  rule  di-  > 

289 

thus                               i              75 

refts,  fland  thus            J 

6438 

7638 

^9 

46 

438 

The  Sum     30638 

The  Sum 

Ex.  V.    Jdd  the  following 

S0205 

Ex.  IV.  Jdd  thefe  numbers  together. 

numherr 

together. 

3720.45 

15836,071 

25,0036 

20,09 

4179,802 

34.7 

3,6284 

583,27008 

Sum    7928,8840 

Sum     16474,13108 

In 
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In  the  two  laft  examples,  where  there  are  both'intcger  and  fraftlonal 
numbers,  it  may  be  obferved,  that  like  integer  places,  and  like  fra<Slional 
places,  ftand  under  each  other;  and  the  manner  of  adding  them  together," 
is  the  fame  as  explained  in  the  firft  example. 

25.  It  frequently  happens,  that  numbers  arc  to  be  added  together,  the 
names  of  which  do  not  increafe  in  a  tenfold  manner,  as  in  the  laft  Ex- 
amples ;  fuch  as  in  adding  different  fums  of  money,  weights,  or  mea- 
fures  ;  in  which,  regard  is  to  be  had  to  the  number  of  thofe  of  a  lower 
name,  contained  in  one  of  its  next  greater  name,  as  fhewn  in  the  pre- 
ceding tables  :  Examples  of  which  follow. 


Ex.  VI.  Jdd  the  following  /urns  of 
money  together. 

c 

353         14 
276         10 

89         17 

34         12 


J. 
H 
4 

5l 


754 


5 


Ex.  VII.  Add  the  following  fums  of 
money  together. 

7683       08 
95+         J9 

63         »5 


9384 


14 


In  thefe  two  examples  the  carriage  is  by  4  in  the  farthings;  by  12  in  the 
pence;   by  20  in  the  fhillings;   and  by  10  in  the  pounds. 


Ex.  VIII.     Add  the  following  Troy 
JVeij^hts  together. 


lb. 
218 
176 

85 

24 


oz. 

10 

9 
1 1 


dwt. 
13 

'9 

17 


18 

23 
II 
21 


506 


07 


01 


Carry  for  24,  20,   12,  10. 
Ex.  X.   Add  the  following  parts  of 


Time  together. 
Weeks    Da.      Ho. 
18 


21 
II 

19 

3« 


>3 


cH 


Min, 

37 
25 
59 
22 


Sec. 

59 

47 
28 

39 


9' 


Carry  for  60,  60,  24,  7,   10. 


Ex.  IX.  Add  the  fo Hewing  Avoir- 

dupoife  Weights  together. 

Tons.  Cvvt.     qrs.       lb.  oz. 

535  17         3         22  II 

94         19         I         27  13 

158  12         o         18  15 

7       15       2       n  o^ 


191 


J5 


•Carry  for  16,   28,  4,   20,   10. 

Ex.  XI.  Add  the  following  parts  of 

a  Circle  together. 
Deg. 

176         32         59 
8::  59  27 

28  45 

12  38 


114 

67 


43 
31 

59 
24 


25 
59 

H 

47 


444 


13 


V) 


Carry  for  60,  60,  60,  60,   lo 


Explanation  of  Example  VI. 

Three  farthings  and  i  farthing  is  4  farthings,  and  2  fart])ings  is  6  far- 
things ;  which  is  a  penny  halfpenny  ;   fet  down  |  and  carry  i. 

Then  i  and  10  is  ii,  and  5  is  16,  and  4  is  20,  and  8  is  28  pence  ; 
which  is  2  fhillings  and  4  pence  :   fct  down  4,  and  carry  2. 

yXc^nin,  2  and  12  is  14,  and  17  is  31,  and  lO  is  41,  and  14  is  55 
fliiliings;  which  is  2  pounds  15  fhillings  i  fwt  down  15  flnUings,  and 
carry  2  pounds.     The  relt  is  eafy. 
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V.        SECTION    III.     SUBTRACTION. 

Subtraction  is  the  method  of  taking  one  numher  from  an- 
ether y  and  fhewing  the  remainder ^  or  difference ^  or  excefs, 

T\iQ  fubducend  is  the  number  to  be  fubtra£led,  or  taken  away. 

The  minuend  is  the  number  from  which  the  fubducend  is  to  be  taken. 

Rule  ift.  Under  the  minuend  write  the  fubducend,  fo  that  like 
pames  ftand  under  like  names  j  and  under  them  draw  a  line. 

2d.  Beginning  at  the  right-hand  fide,  take  each  figure  in  the  lower 
line  from  the  figure  ftanding  over  it,  and  write  the  remainder,  or  what 
is  left,  beneath  the  line,  under  that  figure. 

3d.  But  if  the  figure  below  is  greater  than  that  above  it,  increafe  the 
upper  figure  by  as  many  as  are  in  an  unit  of  the  next  greater  name ;  from 
this  fum  take  the  figure  in  the  lowcx  line,  and  write  the  remainder  un- 
der it. 

4th.  To  the  next  name  in  the  lower  line,  carry  the  unit  borrowed, 
apd  thus  proceed  to  the  higheft  denomination  or  name. 

Examples. 

Ex.  I.   From    436565874  the  minuendy 
Take     249853642  the fubducendy 


Remains     1S6712232  the  difference. 

Here  the  five  figures  on  the  right  of  the  fubducend  maybe  taken  from 
fchofe  over  them :  but  the  6th  figure,  viz.  8,  cannot  be  taken  from  the  5 
above  it.  Now  as  an  unit  in  the  7th  place  makes  ic  in  the  6th  place, 
therefore  borrowing  this  unit  makes  the  5, 15;  then  fay,  8  from  15  leaves 
7,  which  fetdown ;  and  fay  i  carried  and  9  is  10,  10  from  6  cannot  be  had, 
but  10  from  16  leaves  6,  fet  it  down ;  then  I  carried  and  4  is  5,  5  from  13 
leaves  8  j  fet  it  down ;  then  i  carried  and  2  is  3,  3  from  4  leaves  i. 


Ex. 

ir. 

IV. 
VI. 

From 
Take 

Remains 

From 

Take 

Leagues 

Borreiued 
Paid 

Remains 

7620908 
3875092 

3745816 

^t. 

30007,295 
2536,876 

27470,419 

£x. 

JC.   s.    d. 

24  14  6f 
.8  12  4| 

6  02  zx 

Ex.  HI. 


Ex.  V. 


From 
Take 


327'9563 
49,8697 


Remains 

From 

Take 

278,0866 

5000,0000 
479,6378 

Leaves 

4520,36^2 

Ex.  VII.       tent  294  15     9I 

Received     89   18  io| 

Remains  204  16  10 j 

Ex.  VIIL 
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Ex.  VIII.  In  Sexagejimah. 

From         76  28     37     49     32 

Takf  65  29      i6     53     45 

Leasts      10  59     20     55     47 


Ex.  IX.  In  Sexagejimah. 


17 


Frovi 
raJu 


218     46     32     50     18 
H9     52    47     53     29 


Leaves  68     53     44     56     49 


27.  Questions  to  exercife  Addition  and  Subtra<5lion. 

Quest.  II.    The  Spanijh  inva* 

fion  'Mas  in  the  year  1588,  and  the 

French  attempted  an  invajion  in  the 

year  1744.'    How  many  years  wen 

between  thefe  fruitlefs  attempts  f 


Quest.  I.  The  Jhare  of  'Jack's 
prize  money  was  148;^.  17  J.  6^j  ; 
and  Tom  received  as  much,  befide  y£. 
jSs.fmart  money  :  How  much  money 
did  Tom  receive  ? 

£.      s.      d 
Tom's  prize  money       148     17     6j 
Smart  money         7     180 


Tom  received     156     15     6\ 


Quest. III.  What yearwas  King 
George  born  in,  he  being  67  years  old 

in  fhf  vf/rr  il  AC\  P 


in  the  year  1749  -^ 

Current  year 

Age 


1749 
67  fubtr. 


Year  born  in        1682 


Quest.  V.  A feaman  who  hadre 
ceived  afo£.i'i  s.bd.  for  wages,  prize 
money,  <Jc.  meeting  with  bad  company 
was  tricked  out  ofi^  guineas  :  Now 
John  had  reckoned  to  pay  his  wife's 
debts  ofi'^f^.  lbs.  6d.  and  his  land- 
lady's bill  of  \bf^,  12s.  Required 
whether  he  can  fulfil  his  intentions, 
and  what  the  difference  will  be  P 


French 
Spanifh 


1744 

1588 


Years  between        156 

Quest.  IV,    Two  Jhips  depart 

fro7n  the  fame  port,  one  having  failed 
835  miles,  is  got  48  miles  a-head  of 
the  other:  Required  the  aftermoji 
Jhip's  dijiance  ? 

The  firftfhip's  diftance  835 
Their  difference  4S 

Second  fliip's  diftance   787 

Quest.  VI.  Will  and  Frank 
talking  of  their  ages  in  the  year  I']  ^^^ 
Will  faid  he  was  born  in  the  year 
of  the  Rebellion,  in  17  iSi  and  Frank 
faid  he  remembered  he  was  ten  years 
old  the  year  King  George  the  fecond 
was  crowned  in  1727  :  Required  the 
age  of  each,  and  the  difference  of  their 
ages  f 


Money  loft 
Wife's  debt 
Landlady's  bill 

Total 
Money  received 

He  will  want 


£. 

18 

»3 

16 


s> 

18 
16 

12 


49 
46 


6 

17 


Current  year 
Will  was  born 


»749 
1715 


Will's  age  34 

Current  year  I749 

King  George  crowned     17^7 

Years  fince  22 

Frank's  age  then  'O 

Frank's  age  32 

So  Will  was  0l4cft  by  two  years. 
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fl8.     SECTION  IV.     MULTIPLICATION. 
;.   MvLTiPLiCATiON  ts  f be  method  of  finding  what  a  given 
number  "ojill  amount  tOy  when  repeated  as  many  times  as  is  re- 
pre/ented  by  another  number. 

— 5^-nitmbei^to^  be  multiplied,  is  called  the  Multiplicand, 
The  number  multiplied  by,  is  called  the  Multiplier, 
And  the  number  which  the  multiplication  amounts  to,  is  called  the 

ProduSf. 

Both  multiplicand  and  multiplier  are  called  FaSlors. 

'Before  any  operation  can  be  performed  ir>  Multiplication,  it  is  necef- 

fary  that  the  learner  fhould  commit  to  memory  the  following  table. 

29.  The  Multiplication  Table. 


times  2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

.2 

4 

6 

8 

10 

12 

>4 

16 

18 

20 

22 

24 

3 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

4 

16 

20 

24 

28 

32 

36 

40 

44 

48 

5 

25 

30 

35 

40 

45 

50 

55 

60 

6 

36 

42 

48 

54 

60 

66 

72 

7 

49 

56 

63 

70 

77 

84 

8 

64 

72 

80 

88 

96 

9 

81 

90 

99 

108 

16 

100 

no 

120 

1 1 

121 

132 

ii 

144 

Obferve,  that  in  multiplying  any  figure  in  the  upper  line  by  any  figure 
in  the  left-hand  column,  the  produ61:  will  fland  right  againft  the  figure 
ufed  in  the  left-hand  column,  and  under  that  ufed  in  the  upper  line. 
Thus  were  6  to  be  multiplied  by  9,  feelc  the  greater  figure  9  in  the  upper 
line,  and  right  under  it,  againft  6  in  the  left  hand,  ftands  54  for  the  Pro- 
du£l.     And  fo  of  others. 

The  foregoing  table  being  well  known,  the  work  of  Multiplication 
will  be  performed  as  follows. 

To  multiply  any  number,  as  37256 

By  any  Tingle  figure,  as  by  7 

Set  them  as  in  the  margin,  and  proceed  260792 

thus,  7  times  6  is  42,  fet  down  2  and  carry  4;  7  times  5  is  35  and  4 
carried  is  39,  fet  down  9  and  carry  3 ;  7  times  2  is  14  and  3  carried  is  17, 
fet  down  7  and  carry  i ;  7  times  7  is  49  and  i  carried  is  50,  fet  down  o 
and  carry  5 ;  7  times  3  is  21  and  5  carried  is  26,  which  fet  down,  and  the 
work  is  done.     But  for  compound  Multiplication  take  the  following  : 

30.  Rule  ift.  Write  the  Factors  fo,  that  the  right  hand  place  of  the 
Multiplier  ftands  under  the  right  hand  place  of  the  Multiplicand. 

2d.  Multiply  the  Multiplicand  feverally  by  every  figure  of  the  Multiplier, 
fetting  the  iirit  figure  of  each  line  under  the  figure  then  multiplying  by. 

3d.  Add  the  feveral  lines  together;  and  their  fum  is  the  Produ6l:. 

4th.  From  the  right  hand  of  the  Product  point  oft",  for  fra6tions,as  many 
places  as  there  are  fracflional  places  in  both  Fadors;  and  thofeto  the  left 
of  the  mark  of  diftin6tion  are  integers;  thofe  to  the  right  are  fraclions. 

..        5th.  If 
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5th.  Ifthe  number  of  places  in  theProdu£larenotfomanyas  the  num- 
ber of  fra<Slional  places  in  both  Faftors,  make  up  that  number  by  writing 
cyphers  on  the  left  hand,  and  to  thefe  prefix  the  mark  of  diftindlion. 


Example  I.  Multiply  742  by  53. 

The  leflerFaftor  being  written  under 
the  greater  Faftor,  as  here  fhewn,  and  a 
line  drawn  under  them ;  fay  3  times  2  is 
6,  write  6  under  the  3 ;  then  3  times  4  is 
1 2,  write  down  2  and  carry  i ;  and3  times 
7  is  21,  andi  carried  is  22,  write  the  22  :- 
Again,  5  times  2  is  10,  write  o  under  the 
5,  and  carry  i  j  and  5  times  4  is  20  and  i  ' 

carried  is  21,  write  down  land  carry  2;  then  5  times  7  is  35,  and'2  carried 
is  37,  write  down  the  37  :  Now  add  the  two  lines  together  found  by  mul- 
tiplying by  3  and  by  5,  and  their  fum  39326  is  the  produ£t  required. 


Multiplicand  -74.2  7  „  n 
Multiplier  53  5^^^°"- 

2226 
3710 

Produ£l        39326 


Example  II. 

Multiply  28704 

hj  8631 

28704 
86112 
172224 
229632 


24.7744224  Produft. 


Example  IV. 

Multiply  936,287 

hy  607, C2 

1^725:4 
6554C090 
56177220 

568344,93474 

The  cyphers  in  the  Multiplierof  this 
example  arc  thus  managed.  Having 
multiplied  by  the  2  as  before,  fay  o 
limes  7  is  o,write  o  under  the  0,  and 
proceed  to  the  next  figure  7,by  which 
niu'rjjy  as  before,  then  coming  to 
the  Iccond  o,  fay,  o  times  7  is  0, 
writL-  o  under  the  place  of  the  fc- 
cc<!k!  o,  and  proceed  to  the  next  fi- 
gure bj  by  which  multiply  as  before. 


Example  III. 

Multiply  3684,2795 

h  7»594 

147371180 

33iS85'55 
184213975 

257899565 
27978,4185230 

Here,  becaufe  there  are  4  fra£tional 
places  in  the  Multiplicand,  and  3  in 
theMultiplier,  which  togethermake 
7,  therefore  7  places  are  pointed  ofF 
on  the  right  of  the  produd  for  frac- 
tions. 

Example  V. 
Multiply  0,34796 

ty  0,0258 

278368 
173980 
69592 


0,008977368 


Here,  becaufe  there  are  5  fradional 
places  in  one  Factor,  and  4  in  the 
other,  there  fliould  be  9  fractional 
places  in  the  Product j  and  there 
arifing  but  7,  therefore  two  cyphers 
are  fct  on  the  left  hand  to  make  9 
places, 
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31.  SECTION   V.     DIVISION. 

DivisroN  is  tbt  method  of  finding  how  often  one  number  ii 
contained  in  another;  or  may  be  taken  from  another. 

The  number  to  be  divided,  is  called  the  Dividend. 

The  number  dividing  by,  is  called  the  Divifor. 

The  ^totient  is  the  number  arifuig  from  the  diviiion,  and  {hews  how 
many  times  the  Divifor  is  contained  in  the  Dividend. 

The  operations  in  Divifion  are  performed  as  follow. 

32.  Rule  ifl:.  On  the  right  and  left  of  the  Dividend  draw  a  crooked 
line  ;  write  the  Divifor  on  the  left  fide,  and  the  Quotient,  as  it  arifes,  on 
the  right  fide  of  the  Dividend. 

2d.  Seek  how  often  the  Divifor  may  be  taken  in  as  many  figures  tfn 
the  left  hand  of  the  Dividend,  as  are  juft  neceflary;  write  the  number 
of  times  it  may  be  taken,  in  the  Quotient ;  and  there  will  be  as  many 
figures  more  in  the-Quotient,  as  there  are  figures  remaining  in  the  Di- 
vidend then  not  ufed. 

3d.  Multiply  the  Divifor  by  this  Qiiotient-figure,  fet  the  Produ£t  un- 
der that  part  of  the  Dividend  ufed  ;  fubtra£V,  and  to  the  right  hand  of  the 
remainder  bring  down  the  next  figure  of  the  Dividend  ;  Divide  as  be- 
fore ;  and  thus  proceed  until  all  the  figures  of  the  Dividend  are  ufed. 

4th.  If  there  is  a  remainder,  to  its  right  hand  fide  annex  a  cypher  or 
cyphers,  as  if  brought  down  from  the  Dividend,  and  divide  as  before ; 
and  thus  it  is  that  fractions  arife,  viz.  from  the  remainders  in  divifion. 

5th.  When  any  figure  of  the  Dividend  is  taken  down,  or  annexed,  as  be- 
fore fhewn,and  the  Divifor  cannot  be  taken  in  the  number  thus  increaf- 
ed;  put o  in  the  Quotient,  and  take  down,  or  annex,  another  figure;  and 
proceed  in  this  manner,until  the  Divifor  can  betaken  from  the  number. 

6th.  When  fraftions  are  concerned:  From  the  number  of  frad^ional 
places  ufed  in  the  Dividend,  take  thofe  in  the  Divifor;  count  the  num- 
ber of  reinaining  places  from  the  right  of  the  Qiiotient,  put  the  mark 
there  ;  and  thofe  to  the  left  are  integers,  thofe  to  the  right  frad^ions. 

7th.  If  there  arife  not  fo  many  places  in  the  Quotient  as  the  6th  ar- 
ticle requires,  fupply  the  places  wanting  with  cyphers  on  the  left,  and 
to  thofe  prefix  the  fractional  mark. 

Ex.  I.  Divide  3656^.  among  %  perfons. 

Set  the  given  numbers  as  in  Art.  ift.     Now  the  two     8)3656(457 
left  hand  figures  contain  8;  then  fay  8  is  contained  in  36,  4         32 
times ;  fet  4  in  the  Quotient,  and  fay  4  times  8  is  32,  fet  32       — — 
under  36,  fubtra£t,  there  remains  4,  to  which  bring  down  45 

the  next  figure  of  the  Dividend  5,  makes  45 ;  then  fay  8  is  4° 

contained  in  45,  5  times;  fet  5  in  the  Quotient,  and  fay  5  ^ 

times  8  is  40 ;  write  40  under  45,  fubtradt,  and  to  the  re-  ^^ 

maindcr  5  take  down  6,  the  next  figure  of  the  Dividend,  ^ 

makes  56;  then  fay  8  is  contained  in  56,  7  times;  write  ^ 

7  in  the  Quotient,  multiply  8  by  7  makes  56,  which  write 
under  the  other  56,  and  fubtradling  there  remains  o:  So  it  may  be 
concluded,  that  3656  contains  8,  457  times:  Or,  if  'i^S^f,'  ^^  divided 
among  8  pcrfons,  the  fhare  of  each  will  be  457  f^. 

Ex.  IL 
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Ex.  IL  DiviJe  S12S  iy  25. 
25)3125(125 
25 

62 

125 
125 


Ex.  IV.  Divide  5859  hy  124. 
124)5859(47,25 
496 

899 
868 


310  for  the  Remaind. 
248  See  precept  4th. 

620 
620 


Ex.  VI.  Divide  2,3569  hy  673,4. 

673.4)2.3569(35 

20202     Quot.  0,0035 


33670  See  precepts 
33670  4ih,  6th,  7th. 


Ex.  in.  Divide  95269  by  47^ 
47)95269(2027 
94     • 

See  precept  5  th.  126 
94 


329 
329 


Ex.  V.  Divide  337,27368  by  6,28. 

^.28)337,27368(53,706     for 

3140  the  Quotient. 

See  precept  6ch. 

2327 
1884 


4433 
4396 


See  precept  5th.  3768 
3768 


In  Ex.  VI.  the  4  fracftional  places 
given  in  the  Dividend,  and  the  o 
ufed  with  the  Remainder,  make  5 
fradional  places  j  from  which  i 
place  in  the  Divifor  being  taken, 
leaves  4  fra^lional  places  for  the 
Quotient  j  but  in  the  Quotient  are 
only  the  two  places  35,  therefore  2  cyphers  are  prefixed,  and  makes 
,0035,  before  which,  for  form  fake,  an  o  is  fet  for  the  place  of  units. 

33,  When  the  Divifor  does  not  exceed  the  number  i2,  theDivifion 
may  be  performed  in  one  line  •,  by  making  the  Multiplication  and  Sub* 
tradion  mentally,  or  in  the  mind,  and  carrying  the  Remainder,  as  f% 
many  tens,  to  the  next  figure. 

34.  In  all  operations  of  Divifion,  it  muft  be  obferved,  that  the  Pro- 
dudt  of  the  Divifor  by  the  Quotient  figure  muft  not  exceed  that  part  of 
the  Dividend  then  ufing ;  and  the  Remainder,  by  fubtradting  the  Pro- 
duct, muft  ever  be  lefs  than  the  Divifor. 

As  the  Quotient  multiplied  by  the  Divifor  makes  the  Dividend  j 
So  the  Produdl  of  two  numbers  being  divided  by  one  of  them,  will 
give  the  other ;  that  is,  Divifion  is  proved  by  Multiplication,  ard  Mul- 
tiplication Is  proved  by  Divifion, 
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3$;         SECTION  VI.     REDUCTION. 

Reduction  is  the  method  of  reducing  numbers  from  one 
namcy  or  denominationj  to  another  -,  retaining  the  fame  value. 
Case  I.  T*!?  reduce  a  number  conftfiing  of  fever  al  name  i^  to  their  leaf  name. 

Rule  ift.  Multiply  the  firft,  or  greater  name,  by  the  parts  which 
an  unit  of  that  name  contains  of  the  next  lefs  name  ;  adding  to  the  Pro- 
duft  the  parts  of  the  fecond  name  in  the  given  number. 

2d,  Multiply  this  fum  by  the  number  of  times  that  an  unit  of  the 
next  lefs  name  is  contained  in  one  of  the  fecond  name  ;  adding  to  the 
Product  the  parts  of  the  third  name  contained  in  the  given  number : 
And  thus  proceed,  until  the  leaft  name  ift  the  given  number  is  arrived  at. 

Ex.  I.  In  22L'    '4^'   ^zd'   hsw 


many  farthings  ? 

23     14    6| 

20 

474  Shillings. 


5694  Pence. 
4 


Anfwer  22778  Farthings, 


Ex.  II.  In  SIL  lOoz.  of  gold y  how 
many  grains  f 
lb.  oz. 


8 
12 


10 


106  Ounces. 
20 

2120  Pennyweights. 
24 

8480 
4240 

5,0880  Grains. 


Ex.  IV.  IH  36  deg.  48^  if,  56'^^ 
how  many  thirds  ? 


36 
60 


48     27     56 


2208  Minutes. 
60 


132507  Seconds. 
60 


Ex.  III.  In  a  cannon  Weighing  iTonSy 
14C,  2^rs.  iglb.  how  many  pounds  f 
T.  C.  Qrs.  lb. 
2     14     3     19 
20 
54  C.  weight. 

4 

219  Qxs. 
28 

1771 

438 

61 5 1   Pounds.  I  7950476  Thirds. 

An  explanation  of  the  firft  Ex.  will  make  all  the  reft  plain.  Since 
pounds  is  the  greateft  name  in  the  given  number,  and  an  unit  thereof 
contains  20  of  the  next  lefs  name,  or  fhillings  ;  therefore  multiply  the 
pounds  by  20,  faying  O  times  3  is  0,  to  which  adding  the  4  in  the  14s. 
makes  4 ;  then  2  times  3  is  6,  and  the  one,  in  the  place  of  tens  in  the 
Shillings,  makes  7  ;  then  2  times  2  is  4 :  Now  multiply  474s.  by  i2, 
faying  12  times  4  is  48,  and  the  6  in  the  pence  makes  54  ;  write  4  and 
carry  5  ;  then  12  times  7  is  84  and  5  is  89,  ^c.  Laftly,  multiply  the 
5694  pence  by  4,  faying  4  times  4  is  16,  and  the  two  farthings  in  the 
ij^iven  number  is  18 )  write  8  and  carry  i,  ^c, 

36.  Case 
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36.  Case  II.  A  number  of  an  inferior  name  being  given ;  to  find  how 
many  of  each  ftiperior  denomination  are  contained  in  it. 

Rule  ift.  Divide  the  given  number,  by  the  number  of  times  that 
one  of  its  units  is  contained  in  an  unit  of  the  next  fuperior  name. 

2d.  Divide  this  Quotient  by  the  parts  making  one  of  the  next  name. 

3d.  Divide  this  Quotient  by  the  parts  making  one  of  the  next  name  : 
And  proceed  in  |his  manner,  until  the  higheft  name  is  obtained, 

4th.  Then  the  laft  Quotient,  and  the  feveral  remainders,  will  be  the 
parts  of  the  different  names  contained  in  the  given  number. 


Ex.    I.    In  22778  farthings,  how 
many  pounds,  /hillings,  and  pence  f 
4)22778(  2  Farthings. 

12)  5694-(  6  Pence. 

2,0)  47, 4(  14  Shillings. 

23     Pounds. 
Anfwcr  2^£.  14J.  6^^. 

Ex.  III. ^In  61 51  pounds,  how  many 
Tons,  Hundreds,  ^tarters.  Pounds  ? 
28)6151(219 
56 


55 

28 


271 
252 


4)2i9(  3  Qts- 
2,o)5,4(  14  C. 
2     Tons. 


19     Pounds. 
Anfwer  2T.  14C.  3Qrs.  iplb. 


Ex.  II.  In  7950476  thirds  of  Adz* 
gree,  hou^  tnany  °  /  '''  ^^{?.  ^  . 
6,o)795047,6(  56  TJIirrds,  .  _ 

6,o)i3250,7(  2;j,Secqnd|. 

6,0)  22d,8(  48lVlinuttfs,^  ;. 

36         Degrtes. 
Anfwer  36°.  48'.  27".  56'".  > 

Ex.  IV.  In  ^oSSo grains,'how many 
Pounds,  Ounces^  Pennyweights,  Grs, 
24)50880(2120  • 

48 


28 
24 

48 
4« 


2,0)212,0(0  dwt. 
12)  io6(  10  oz. 
8    lb. 


Anfwer  8lb.  10  oz. 


Explanation  of  Ex.  I.  Since  4  of  the  given  number  make  one  of  tlic 
next  name,  pence,  then  22778  divided  by  4,  give  5694  pence,  and  a 
Remainder  of  2  farthings  ;  then  5694  pence  divided  by  12,  the  number 
of  pence  in  one  of  the  next  name,  fliillijigs,  the  Qi_iotient  is  474  {hil- 
lings, and  a  Remainder  of  6  pence  ;  then  474  (hillings  divided  by  20, 
the  number  of  (hillings  in  one  of  the  next  name,  pounds,  the  Quotient 
is  23  pounds,  and  a  Remainder  of  14  ftillings.  And  by  the  4th  pre- 
cept, the  anfwer  is  col'.cclcd. 

A  like  operation  will  folvc  the  other  examples,  having  regard  to  the 
increafc  of  the  different  names. 

37.  In  any  Divifion,  if  the  Divifor  has  one  or  more  cyphers  on  the 
right  hand,  thofe  cypheis  may  be  pointed  off;  but  then  as  manv  j)laceti 
inult  be  pointed  off  from  the  Dividend,  wliicli  places  arc  not  to  be  di- 
vided, but  annexed  to  the  i4-ht  hand  of  the  Remainder.  See  the  above 
examples.  38.   Casf 
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38.  Case  III.  To  reduce  a  vulgar  /ration  to  its  equivalent  dedmal 

fraHion, 

Rule.  To  the  Numerator  annex  one  or  more  cyphers,  divide  this 
by  the  Denominator,  and  the  Quotient  will  be  the  fradlion  fought. 

If  the  Divifion  does  not  end  when  fix  figures  are  found  in  the  Quo- 
tient, the  work  need  not  be  carried  any  farther. 

Exam.  I.  To  reduce  ^»V  to  its  equivalent  decimal  fra5iion» 


423)15,00(0,03546 
1269 


Here  423  the  Denominator  is 
m^de  the  Divifor,  and  15  the 
Numerator  is  fet  for  the  Dividend, 
to  which  annexing  a  cypher  or  two 
for  fractional  places,  feek  how  often 
the  Divifor  can  be  had  in  15,  the 
integral  part  of  the  Dividend  ;  and 
as  it  cannot  be  taken,  put  o  in  the 
Quotient  for  the  place  of  units  : 
Then  taking  in  one  fractional  place, 
feek  how  oft  the  Divifor  can  be  had 
in  150,  fay  o  times,  and  put  another 
O  in  the  Quotient  for  the  place  of 
primes:  Now  taking  in  two  fractional  places  to  the  15,  the  Divifor 
will  be  contained  in  it  thrice,  and  thus  proceed  until  the  Divifion  ends, 
or  till  6  places  arife  in  the  Qotient :  But  in  this  example,^  as  the  6th 
place  would  be  O,  it  is  omitted,  becaufe  cyphers  on  the  right  hand  of 
decimal  fractions  are  of  no  fignification,  as  will  evidently  appear,  No- 
tation of  Fractions  being  well  underftood. 


2310 
2115 

1950 
1692 

2580 
2538 

420 


Ex.    II.    Reduce  \   to  a  decimal 

fraifion, 

2)1,0(0,5  Anfwer. 

Ex.  IV.   Reduce  ^   to   a  decimal 

fraSlion. 

4)3,00(0,75  Anfwer. 

Ex.  VI.  Reduce  \   to   a   decimal 

fraSlion. 

3)1,00(0,33,  &:c.  Anfwer. 


Ex.  III.    Reduce   \    to   a  decimal 

fraSiion. 

4)1,00(0,25  Anfwer. 

Ex.    V.    Reduce  i   to   a   decimal 

fraSiion. 

8)5,000(0,625  Anfwer. 

Ex.  VII.  Reduce  -^^  to  a  decimal 

fraSlion. 
12)7,0000(0,5833  &c.  Anfw. 


^  39.  In  the  two  laft  Quotients,  it  may  be  obferved,  that  3  would  con 
tinually  arife  j  fuch  decimal  fractions  are  called  circulating,  or  recur- 
ring fractions :  Thefe  have  a  peculiar  kind  of  operation  belonging  to 
them,  which  the  inquifitive  reader  will  find  in  a  book  intitlcd  A  Gene- 
ral  Treatife  of  Menfuration*,  the  third  edition,  publifhed  in  the  year 
1767  ;  and  alfo  in  other  books. 
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40.  Case  IV.  To  reduce  a  number  conjijiing  of  different  names,  to  a  dt" 
clmal  fra£iion  of  its  greatejl  name. 

Rule  ift.  Write  the  given  names  orderly  under  one  another^  the  leaft 
name  being  uppermoft  \  and  on  their  left  fide  draw  a  line :  Let  thcfe  be 
reckoned  as  Dividends. 

2d.  Againft  each  name^  on  the  left  hand,  write  the  number  making 
one  of  its  next  fuperior  name  :  And  let  thefe  be  the  Divifors  to  the  for- 
mer Dividends. 

3d.  Begin  with  the  upper  one,  and  write  the  Quotient  of  each  divifion 
as  fractions,  on  the  right  of  the  Dividend  next  below  it  j  then  let  this 
mixed  number  be  divided  by  its  Divifor,  &c. 

And  the  laft  Quotient  will  be  the  decimal  fraction  fought. 


Ex.  I.   Reduce  l^s.  g^d.  to  the  fra^ional  part  ofapoundjierling. 


4 
12 

20 


3 

9.75 
15.8125 
0,79062; 


Firft  fet  the  three  farthings,  the  9  penccj  the  15  fhillings 
and  O  pounds  under  one  another ;  and  againll  the  far- 
things fet  4,  againft  the  pence   fet    I2,    and    againft    the 

(hillings,  20 ;  then  the  three  with  cyphers  fuppofed  to  be       

annexed,  being  divided  by  4,  the  Quotient  ,75  is  wtlttcn  on 
the  right  hand  of  the  9  pence;  and  the  mixed  number  9,75  with  cyphers 
annexed  as  they  are  wanted,  being  divided  by  12,  the  Quotient  58125  is 
written  on  the  right  hand  of  the  15  j.  then  this  mixed  number  15,8125 
being  divided  by  20,  the  Quotient  0,790625^^.  is  the  anfwer. 


Ex.  II.  Reduce  \s.  'l\d.  to  the  frac- 
tional part  of  a  pound  Jltrling. 

4h 
12  2,25 

20  1,1875 
|o»05937? 
Anfwer  is.  2 ^</.  =0,059375;^. 

Ex.  IV.  Reduce2>ox.  l^dzvt.  i8^r. 
U  the  fra£lional  part  of  a  pound  troy . 

U      (4.5 

'5.75 
«.7^'75 
0.7^2291 


24' 

io 
12 


Anf.  8o2.  i5iwt.  18  gr  =:o,73229iIb. 

4.1.  Here  becaufe  24  is  a  number 
too  great  to  divide  by  in  one  line, 
therefore  it  is  broken  into  the  parts 
4  and  6,  which  multiplied  together 
make  24. 


Ex.  III.  Reduce  48^  if.  ^ff, 
the  fraSiional  part  of  a  degree.. 
60  53 

17^883333 

48,298055 
0,804967 


t9 


60 
60 


Anfw.  4S'.  17".  53".  =0,804967  Deg. 


Ex.  V.  Reduce  "^qrs.  iglb.  140Z.  ta 
the  fraSiional  part  of  a  C  weights 
14 

10,875 
(4,96^75 
3,7098.:! 

o,927i?c 


1 


23 

4 


Anfw.  jqr^  iplb.  140^^:^,927455  C- 

Here  the  16  is  broken  into  the 
numbers  4  and  4  ;  and  28  into  4 
and  7  j  and  14  is  divided  by  4  j  and 
the  Quotient  3,5  by  4,  &c. 


42.  Cass 
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.■42.  Case  V.  To  reduce  a  decimal  fraSlicn  of  a  fuperior  name,  ti>  its 
value  in  inferior  denominations, 

•■.  RuLX  ift.-  Multiply  the  given  fraftion  by  the  number  that  fen  unit  of 
its  name  contains  units  of  the  next  lefler  name  ;  from  the  right  hand'  6f 
the  Produdt  point  off  as  many  places  as  there  are  in  the  given  fradtion. 

2d.  Multiply  the  places,  fo  pointed  off,  by  as  many  as  an  Unit  of  this 
name,  contains  of  the  next  lefs  name  ;  point  off  as  before. 

And  thus  proceed  until  the  multiplication  is  made  by  the  Icaft  name. 

3d.  Then  the  integers,  or  the  numbers  on  the  left  of  the  diftinguifli- 
ing  marks  in  each  Produ6t,  will  be  the  parts  in  each  name,  which  to- 
gether are  equal  to  the  given  fradtion. 

Example  I.  JVJ^at  number  cf /hillings,  pence,  and  farthings,  are  equal  in 
value  to  0,jgo625f^. yierling. 


£• 


Here  an  unit  of  the  given  name  £. 
contains  20  of  the  next  lefs  name, 
ihillings  ;  then  multiplying  by  20, 
and  pointing  off  6  places  on  the 
right,  becaufe  the  given  number 
0,790625  contains  6  fradional  pla- 
ces, the  Produd  is  15,812500  {hil- 
lings J  then  the  fractions  of  this 
number,  viz,  812500  multiplied  by 
12,  the  number  that  an  unit  of  this 
name  contains  of  the  next  lefs  name, 

aiid  the  produ6l  pointed  as  before,  there  arifes  9,750000  pence;  the 
fractions  of  this  number  multiplied  by  4,  gives  3,000000  farthings ;  then 
the  parts  pointed  off  on  the  left,  viz.  15  s.  9-|d.  are  the  value  of  the  given 
fradtion. 


0,790625 
zo 

15,812500 

9,750000 
4 


far.    3,ooc'ooo 


Example  II.  J^Fhat  is  the  value  of 
0,056285^.  Jierling  ? 
•     £,     0,056285 
20 


s.     i,i257loo 
12 


d. 


1,5084 
4 


far.     2,0336 

Example  IV.  TFhat  is  th^  value  of 
0,732291//'.  troy? 
This  example  worked  as  above, 
by  multiplying  by  12,  20,  24,  the 
value  will  be  found  to  be 

Soz.  I5dwts.  j8gr.  nearly. 


Example  III.  TVhat  is  the  value  of 
0,58695  degrees  f 
Deg.     0,58695 
60 


Min.     35,217100 
60 


Sec.     i3,02|o 
60 


Thirds     0,120 

Example  V,  IVhat  is  the  value  of 
0,927455  part  of  a  C.  weight? 
By  operating  as  above,  multiply- 
ing by  4,  28,  16,  the  anfvver  will 
be 

3qrs,  191b.  140Z.  nearly. 
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Questions  to  exercife  the  preceding  rules. 


Quest.  I.  A  /loop  with  the  cap- 
tain and  26  hands  take  a  prize  which 
fold  for  iSl^£'  of  which  each  feaman 
had  /^$f^.  and  the  captain  the  rejl : 
How  much  was  his  Jhare  ? 
26  Men 
ASC-  to  each 


fubtraa 
from 


130 

104 

1 170;^.  the  crew's  fhare. 
1578^^.  the  whole  prize. 


remains        408  £,  the  captaia's  Ihare. 

Quest.    III.     A  feaman.^   %uhofe 
wages  are  35 ■^«  ^d.  a  months  returns 
home  at  the  end  of  iCj  months  ;  he  hav- 
ing taken  up  I2j^.  18/.;  How  much 
has  he  to  receive  ? 
u      d. 
35     6 
mult,    by    13 

426  pence  a  month, 
mult,  by    29  months, 

3334 
852 

12) 12354  pence 

2,0)    102,9  bd. 

from         5i;C-     9^-     6a'.  r:  wages, 
take  I2j^.    iSs.     c</.  received. 


remains    38,^.    ii/.     6^.  to  receive, 

Quest.  V.  Jn  30b  crowns^  how 
many  half  crowns  and  pence? 
f.    r       \      612   half  crowns. 
(.  18360  pence. 

Q_iJEST.  VII.   A  feaman  s  foare  of 

a  prixe  ivas  \\  guineas,  32  moidores, 

12  thirty- fx  /hillings  pieces,  and  ^1 

pi/ioles    at    ly  s.    each:    Hozu    much 

Jhrling  did  the  whole  come  to  ? 

Anfwer  123  ^.   14/. 

C 


Quest.  II.  A  boat's  crew  of  i^ 
men  got  by  plunder  321/^,  Hew  much 
was  the  /hare  of  each  ? 
iS)32i(2i;C- 


21 
IS 


remains  6 £^.  which 
mult,  by  20J.  in  1  £,* 

15)1201.(8/. 
120 

Anfwer  z\  f,.  %s.  to  each. 

Quest.  IV,  Six  mefs-mates,  who 

propofe  to  live  well  during  an  Eajl- 
India  voyage  of  7.2  ?ncnths,  agree  to 
expend  among  them  ^s.  a  day,  bcfdes 
the  /Inp' s  allowance :  Now  one  of 
them  having  but  2  5  J.  a  month,  hovj 
will  matters  fiand  %vith  him  at  the 
end  of  the  voyage  ? 

Now  28  days,  at  5  s.  a  day,  makeS 
14CX.  or  7^.  a  month  i  which  for 
22  months,  is  I54;(^. 

Then  a  fixth  part  of  154;^.  is 
25^.  13^,  ^d.  for  each  man. 

Alfo  25X.  a  month  for  22  months 
makes  27 j^.  loj.  for  wages  ;  which 
will  overpay  his  expences,  by  i^, 
lbs.  Sd. 


Quest.  VI.  In  30  chaldcrs  cf 
coals,  each  of  36  bu/hcls,  how  many 
pecks  F 

Anfwer  4320  pecks. 


Quest.  VIII.  Suppofc  a /J/ip  f-^ils 

5-£  miles  an  hour  for  14  days  :   Hczii 

many    degrees   and  minutes    has  fue 

failed   in    the    whole;    60  f^^  ^r.iles 

making  one  degree  P 

Anfwer  -50  dec'-  48  mm. 
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SECTION    VII.    Of  PROPORTION: 
Or,    THE    RUI,  E    OF    THREE. 

44.  Four  numbers  arc  faid  to  be  proportional,  when  by  comparing 
them  together  by  two  and  two,  they  either  give  equal  Produ6ls  or  equal 
Quotients. 

Suppofe  thefe  four  numbers     3     8     12     32 

In  comparing  them  together  by  multiplication, 

The  Produd:  of  3  and  8  is  24 ;  of  i2  and  32  is  384,  unequal, 
of  3  and  12  is  36  J  of  8  and  32  is  256,  unequal, 
of  3  and  32  is  96  ;     of    8  and  12  is    96,  equal. 

Therefore  3  8  12  32,  are  called  proportional  numbers. 

Now  let  them  be  compared  together  by  divifion. 

The  Quotient  of    8  by  3  is    2y6^c.  of  32  by  12  is  2,6  &t;.      equal, 
of  12  by  3  is    4  of  32  by    8  is  4,  equal, 

of  32  by  3  is  io,b&c.  of  12  by    8  is  1,5,        unequal. 

Therefore  by  this  comparifon,  the  numbers  are  faid  to  be  proportional. 

In  this  kind  of  comparing  four  numbers  together,  there  is  no  need 
to  try  for  more  equal  Products,  or  Quotients,  than  one  fet  of  either 
fort^  for  either  cafe  will  determine  the  proportionality  independent  of  the 
other. 

But  it  muft  be  obferved,  that  among  four  proportional  numbers,  there 
vrjll  be  but  one  fet  of  equal  Produ(Sls,  and  two  fets  of  equal  Quotients, 
the  fmaller  numbers  being  Divifors. 

45.  When  four  numbers  are  to  be  written  as  proportionals,  they  muft 
be  placed  in  fuch  order,  that  the  Produdl  of  the  firft  and  fourth  be  equal 
to  the  Product  of  the  fecond  and  third. 

A  queflion  is  faid  to  belong  to  the  Rule  of  Three,  when  three  numbers 
or  terms  are  given  to  find  a  fourth  proportional,  which  is  the  anfwer  to 
the  queftion. 

And  in  order  to  refolve  fuch  queftions,  the  three  given  terms  muft  be 
firft  placed  in  a  proper  order,  which  is  called  ftating  the  terms  of  the 
queftion. 

46.  Q^ieftions  in  the  Rule  cf  Three  are  ftated,  and  refolved  by  the  fol- 
lowing precepts. 

I  ft.  Confidcr  of  what  kind  the  fourth  term,  or  number  fought,  will  be, 
whether  money,  weight,  mcafure,  time,  ^c.  and  among  the  three  num- 
bers given  in  the  queftion  let  that  which  is  of  the  fame  kind  with  what  is 
required  be  placed  for  the  third  term. 

2d.  From  the  nature  of  the  queftion,  determine  whether  the  number 
fought  will  be  greater  or  lefs  than  the  number  which  is  placed  for  the  thiri 
term. 

3^'  If 
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3d.  If  the  fourth  term  will  be  greater  than  the  third,  fet  the  greater  of 
the  remaining  two  terms  for  the  fecond,  and  the  lefs  for  the  firlh 

But  if  the  fourth  term  is  to  be  lefs  than  the  third,  fet  the  greater  of  the 
remaining  two  terms  for  the  firft,  and  the  lefs  for  the  fecond. 

Then  in  either  cafe,  the  given  three  terms  are  flated. 

4th.  Reduce  thofe  terms  which  confift  of  more  names  than  one,  to  one 
name  j  and  obferve  that  the  firft  and  fecond  terms  are  always  to  be  of  the 
fame  name. 

5th.  Multiply  the  fecond  and  third  terms  together,  divide  the  produ£l 
by  the  firft  term,  and  the  Quotient  will  be  the  fourth  term,  of  the  fame 
name  the  third  term  was  reduced  to. 

47.  Quest.  I.  If  Af  yards  of  cloth  coji  18/.  what  will  2J^  yards  coj}? 

Here  it  is  plain,   that  the  term 
fought,  or  the  worth  of  24  yards, 

will  be  money ;  therefore  the  given  yds.    yds*      s. 

money  18/.  is  fet  for  the  third  term;  4—24 —  18 

and  as  the  worth  of  24  yards  muft  »8 

be  greater  :han  the  worth  of  4  yards,  — — . 

therefore  the  24  is  fet  for   the  2d  '9^ 

term,  and  the  4  for  the  ift.  Then  ^^ 

the  2d  term  24  being  multiplied  by  ^     ^^  ^^8  ^-^y 

the  3d,    18,    the   Produdl  is  432,  lll_  

which  divided  by  the  ift  term  4,  the  2^0)  io,8  fhiUings. 

Quotient  or  4th  term  is  108,  which  .i.. 

are  (hillings,  the  fame  name  of  the  5  pounds. 

3d  term  ;  then  108  ftiillings  divided 

by  20,  gives  5;^.  8j.  Anfwer  5^.  8/. 

Quest.  II.  If  I  lend  100  f^.  for  12  months^  how  long  ought  I  to  have  tht 
ufe  of  \  SojC.  to  recompence  7ne  ? 

Here  the  anfwer  or  4th  term  is  to  C'        £'        «• 

be  time;  therefore  let  12  months,  '50  —  200 — 12 

the    given  time,  be  fet  for  the  3d  '2 

term  :    Now  it  is  evident,  that  the  

150/.   being  lefs   than  the  200^  15,0)240,0(16  months. 

muu  be  kept  a  longer  time,  and  fo  ^^ 

the  4th  term  will  be  greater  than  the 

3d  term  :    Therefore  the  200  is  put  ^^ 

for  the  2d  term,  and  the  150  for  

the   ift.    Then  the  2d  term  multi-  Anfwer  16  months*. 

plied  by  the  3d,  the  Product  will  be 

2400 ;    which   being  divided  by  the  ift  term,  the  Q^iotient   16  is  the 

4th  term  i  and  bccaufc  the  3d  term  was  months,  the  4th  term  will  be 

:n©nths. 
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Quest.  III.  TVhat  will  1836/*. 
§f  raiftns  come  to,  at  the  rate  of  6  s. 
id.  for  liflb.  ? 

Here  as  money  is  the  thing 
fought,  money  muft  be  the  30!  term  : 
And  as  6j.  8i.  confills  of  two 
names,  they  muft  be  reduced  to  one 
name,  viz.  pence. 
Ih.  lb.  s.    d. 

^^.p— .1836— -6     8 


1836 
80 


6 
12 


8o^.=:3d  term. 

«4)  1 46880(6 I20i5f.r:4th  term. 
,44         

12)6120 


Quest.  V.  What'ivill  \10  yards 
of  cloth  come  to,  at  i^s.  10  \d.  for 
I  ell  Englijb  ? 

The  term  fought  being  money, 
the  1 4  J.  10  \d.  muft  be  the  3d  term, 
and  be  reduced  to  farthings  ;  alfo 
the  ift  and  id  terms  are  to  be  re- 
duced to  quarters  of  a  yard. 
EU  Eng.  yds.  /.  ,    d. 

1  ■ »     4 ao"         14 

t  420  14 

<;  4  12 


28 
24 

48 


2,0)51,0  (  10/. 


Here  the  2d  term  being  multi- 
plied by  the  3d,  and  the  Produdl  di- 
vided by  the  firft,  the  quotient  is 
6120  pence;  which  being  valued, 
gives  25^.  105. 

Quest.  IV.  If  20  yards  of  cloth , 
5  quarters  wide,  will ferve  to  hang  a 
room:  How  many  yards  of  ^  quarters 
wide  tvill  ferve  to  hang  the  fame 
room  ? 

Here  yards  of  length  are  required  \ 
then  20  yards  muft  be  the  3d  term. 
qrs.        qrs.         yds, 

4" — -5 20 

5 

4)ioo( 
Anfwer  25  yards. 


io4 


i68o 


1.78 
4 


84C0     1  7iq  far.ri3d  term. 

1680  .    . ~ 

11760  ^ 

5)l20I2CO( 

4)240240    farthiBgs:=4th  term. 

12)60060    pence. 

2,0)500,5     5  fliillings. 

250  pounds. 
Anfwer  250^^.  5/. 
The  Divifor  5  being  a  fmgle  tligit, 
the  Quot.  is  written  under  the  Divid. 
Quest.  VI.  A  owes  to  B  463^. 
hid  compounds  for  Js.  6d.  in  the 
pound:  How  much  mujl  B  receive 
for  his  debt  f 

Here   compofition  money  is  the 
thing   fought  J    then    the    3d    term 
muft   be   the   compofition    money, 
viz.   js.   bd. 
£■         £■  '■    j- 

1 463 7     6 

90         12 

12)41670(6^,  90  pence. 
2,0)  3 47 '2  (12/. 
'7? 


Anfwer  173 ;{^.  12/.  €</. 

48.  As  it  will  be  more  convenient  in  moft  cafes  to  reduce  fuch  num- 
bers, or  terms,  which  confift  of  feveral  names,  to  the  fraftional  parts  of 
their  greateft  name,  than  to  reduce  them  to  their  loweft  name;  therefore 
in  the  folution  of  fome  of  the  following  queftions,  the  inferior  parts  of  the 
given  terms  are  reduced  by  Cafe  IV.  of  Rcduaion  ;  and  the  anfwers  are 
vdued  by  Cafe  V.  Q-U^^T. 
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Quest.  VII.  If  Hb.  of  pepper 
toU  4 J.  2>d.  :  What  will  7  C.  T^qrs. 
.  1 4 1&.  come  to  at  that  rate  ? 


lb. 


c. 

qrs.  lb.     s. 

-7 

3   H ^4 

4 

12 

31 
z3 

56 
S82lb.  — 

262 

56 

62 

5292 

9.9.-y 

.  44'o 

8)49392 

12)6174  bd. 

2,0)51,4  14/. 

d. 


25  o 

Anfwer  25  j^.  14  j.  dd. 

QjJEST.  IX.  What  is  the  inter ejl 
of  c^?>\£.  for  a  year^  at  5  per  cent, 
per  annum:  Or  at  the  rate  of  $f. 
for  the  ufe  of  1 00 £.  for  a  year  P 

HeTe  intereft  is  the  term  required ; 
therefore  Sf.  the  intereft  of  100^. 
is  to  be  the  3d  term  :  And  as  the 
4th  term,  or  the  intereft  of  584 _^. 
is  greater'  than  the  3d  term  ;  then 
the  2d  term  is  tobp  greater  than  the 
ift.  _         ^ 

£'          £.-        £' 
100 5S4 5 

5 

i,oo)29,2o(  See  Cafe  V.  of 
-^         Reduction. 
20 

4,00 

Anfwer  29  j^.  4/. 

Quest.  XI.  What  is  the  intereji 
*/542;^.  \Os.for  219  days,  at  $£■ 
per  cent,  per  annum  ? 

To  folvc  this  qucftion,  find  the 
intereft  for  i  year  ;  multiply  this  in- 
tereft by  2ig,  and  divide  the  Pro- 
duct by  365,  the  Qiiotient  will  be 
the  anfwer  i  anu  is  16^^.  5;.  bd. 


Qu£ST.  VIII.  One  bought  4 
Hhds,  of  fugar^  each  containing  6  G, 
7.  qrs.  I4.lh.  at  2£.  Ss.  bd.  for  each 
C.  weight :  What  did  the  whole  come 
to? 

C*         C.  qrs.  lb.         C  s.  d. 
>  6     2     14 286 

Now  I  C.  weight  is  ii2lb. 

And  4  Hh.  at  6C.  2q.  I4lh=29681b. 

Alfo  2£.  Bs.  6d.  is  582^. 

Then  the  Produ6l  of  the  2d  and  3d 

terms  is  1727376. 

Which  divided  by  the  ift  term  112, 

the  Quotient  is  15423  pence,  whofe 

value  is  64^.  Ss.  ^d. 


Quest.  X.  What  is  the  intereji 
if  3^7 £,•  l^  ^'  f^  three  years  and  4 
months^  at  2k  P^l'  ^^^^^-  pi^>'  annum  ? 

Find  the  intereft  for  i  year  j  then 
thrice  that,  together  with  ^  of  one 
year,  will  be  the  intereft  fought. 

£:               £'  £' 

100 387,6 3,5    . 

3.5 


19380 
I  1623 


100)  I  •?56,6o( 


13,506  for  I  year. 
3 


40,^/98  for  3  years. 
•'  of  I  yearr:4,i;2  2  for  4  months. 
The  fum  45,220  is  the  intereft. 

Anfwer  45  j{",  4/.  ^  d. 
QiTEST.  XII.   For  how  long  muji 
487/.  \0s.  he  at  fimpklntcrcj},  at 
4t/-'  /*''''  ^^''^*  Z*^'"  anr.ian.   to  gain 

95Z-  ^'-  3^/.-^. 

I'ind  what  will  he  the  intereft  of 
487/^.  10  5.  for  I  year;  divide  95^. 
IS.  3rt.  by  this  intereft,  and  the 
Qiioticnt  will  be  4!  )X'^'^- 


C  4 


Qu£S¥'. 
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Quest.  XIII  One  bought  i^pipes 
eftufne^  and  is  allowed  6  months  cre- 
dit: But  for  ready  money  gets  it  dd. 
in  a  gallon  cheaper :  How  much  did 
he  fave  by  paying  ready  money  ? 
Anfwcr  44;^.  2  * 


Quest.  XV.  One  bought  3  tons 
6f  oil  for  153;^'  9  J'  which  having 
leaked  74  gallons y  he  would  make  the 
frime-coji  of  the  remainder :  How 
intiji  it  he  fold  per  gallon  ? 
Now  I T.  =252  Gall.  And  3T.=7s6 
Sebtrad  the  gallons  leaked  =  74 


Remains  682 


G.  G.  C- 

Then  682 I 153,45 

Anfwcr  \i.  td.  ^  gallon. 


Quest.   XVII.    At    13/.  for 

JQOlh.  of  goods:  ^hatwiJlSgslb. 
come  to,  allawing  4.  lb.  upon  every 
100  lb.  for  trety  or  wajle? 

Since  41b.  is  to  be  allowed  on  the 
100 lb.  therefore  rC4lb.  is  given 
for  100. 

lb.            lb.  ^. 

Then  104 895 13 

Anfwer  wi^,  \-]s.  6J. 

Quest.  XIX.  If  loo  pounds  of 
Jugar  be  worth  36  j.  %d.  JVbat  will 
he  the  worth  of  Sjslb.  rebating  ^Ib. 
upon  every  1 00  lb.  for  tare  ? 

Here  the  buyer  has  loolb.  on 
paying  for  961b. 

lb.  lb.  lb. 

Then  100 — ; — 96        .   87; 
And  the  4th  term  will  be  8401b. 
Alfo  100 840  — — -  1,833333 

Then  the  4th  terra  will  be  15^^. 
?/.  and  fp  much  will  the  fugar  come 
to.    ■   ■ * 


Quest.  XIV.  J  clothier  fold  so 
pieces  of  kerfey,  each  piece  containing 
34  ells  Flemijhy  at  the  rate  of  8  s. 
\d.  per  ell  Englijh  :  What  did  the 
whole  come  to  ? 

Anfwer  425  j^. 


Quest.  XVI.  J  broker  fold^  of  I 
ofajhipfor  147  /.  lis.  ^d. ':  How 
much  was  the  whole  ^ip  valued  at  ? 

Now  f  of  |=^?<|=^«a--r'ff  by  art.  38. 
For  2X3=6,  a  new  numerator. 
And  5  X4=2o,  a  new  denominator. 
Alfo  147 ;C'  J"-  3 </.= 147,5625.  art. 
40. 

fhare     fti^rc  £. 

Then  0,3 1 147,5625  art.  46. 

Anfwer  491  j^.  lys.  6d. 


Quest.  XVIII.  One  has  cloth 
which  cojl  2  s.  Sd.  a  yard :  For  how 
much  mujl  it  be  fold  a  yard  on  3 
months  credit,  to  gain  25  £.  per  cent, 
per  annum  ? 

mon.  mon.     j^,         f^, 
Firft  12  —  3  —  25  —  6,25 

£     I'  C 

Secondly  loo — 6,25 o»' 33333 

By  multiplying  and  dividing,  the  4th 
term  will  be  found  zd. 
Then  zs.  Sd.  +  zd.z^zs.  lod.  a  yard, 
the  felling  price. 

Quest.  XX.  A  chapman  bought 
81  kerfeysfor  ISSf,-  •'  ^ow  mu/i  be 
fell  them  per  piece  to  gain  i$f^.  per 
cent  P 

Find  how  much  135;^.  will  be 
advanced  to,  at  15^^.  per  cent. 

Then  this  fum  divided  by  81  will 
be  the  felling  price  of  each  piece, 

XT  ^'  ^'  ^'  £' 

Now  100  T—  115  —  135  , —  155.25 
Then  81)  155,25  (1,916666/. 
Anfwer  i^.  18/.  44/.  a-piece. 
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Quest.  XXI.    J  merchant  who  \     Quest.  XXII.  One  who  had  fold 
is  to  receive  a  fum  of  money ^  is  offered]  a  parcel  of  cloths  at  2s.  lod.  a  yard  on 


ducats  at  6s.  4^.  which  are  worth  but 

6s.  2\d.  or  chequins  at  8^.  id.  each,     ^^  ^..  ^..  „ 

that  are  worth  but  ^s:  By  which  fpecie  the  cloth  coji  per  yard? 
will  he  fujiain  the  leaji  lofs  ? 


6s.  2id'.=74,  5^.  7 
8/.  o  d.-=i^6  j 
6s.  4  d.'=z']6         1 


the  real  value, 
the  advan.  val. 


r.  val. 
Then  74,5- 


r.  val.  ad.  val.   ad.  val. 

—  96 76 97,93 


But  the  cbequi'ns  are-  valued  at  98  d. 
Therefore  the  ducats  are  moft  advan- 
tageous. 

Quest.  XXIII.  Aperfon  wants 
750  pieces  of  foreign  coin,  each  worth 
lis.  \d.  How  much  will  they  come  to, 
allowing  the  broker  the  worth  of  2 
pieces  upon  every  lOOf 


Now  100—— 102 750  '         76;. 

He    muft   pay  for  765   pieces,  which 
will  come  to  433  j[.  10  s. 


Quest.  XXV.  J  grocer  bought 
4|  C.  of  pepper  for  is£.  Ijs-  4^- 
xvhich  proving  to  he  damaged,  he  is 
^ villi ng  to  lofe  il{£,-  per  cent.  For 
hew  -much  inufl  he  fell  it  a  lb.  ? 


Since  he  Is  to  lofe  \i\  per  cent,  he 
mufl:  take  87/^.  \os.  for  ioo_^.  Now 
diminifh  the  15^.  17;.  4^'.  in  this 
proportion,  and  this  fum  divided  by 
the  pounds  in  \\  C.  will  give  7^.  for 
v/hat  each  pound  is  to  be  fold  at. 


3  months  credit,  found  he  had  gained 
'^S£>'  per  cent,  per  annum  :  IVhat  did 


mo.       £.      mo.        j^. 
Now  12 25 -3 6,25 

And  ioo4-6,25  :=  106,25  j^. 

£'      £•      I' 

Then  106,25 — 100—0,14166 

The  fourth  term  to  which  will  be  a 
fraftion,  the  value  of  which  will  be 
2s.  8d.  which  is  the  prime  coil  per 
yard  of  the  cloth. 


Quest.  XXIV.  J  gentleman 
would  exchange  J2q  pieces  of  \s.  2d. 
each  into  Jierling  money  :  Itow  much 
will  he  receive  for  them,  allowing  the 
broker  1 5^.  per  cent.  ? 

P.  P.      ^.         c 

Now  I — 729 — 0,208333 — iSJ»875 
the  worth  of  the  pieces. 
Then  1 01, 25 — IOC — 15  1,875-^150;^. 
He  will  receive  150^.  for  them. 


Quest.  XXV^I.  Suppofe  \2  gal- 
lons of  honey  be  valued  at  2^.  and  the 
duty  is  is£,-  per  eent.  en  this  value, 
and  a  drawback  of  ^f^.  per  cent,  on 
the  duty  for  prompt  pay?Jient :  IVhat 
will  the  ready  money  duty  of  612  gal- 
lons come  to  ? 


Now  42G.  :  672G.  :  :  z£. :  ^2£. 
And  loojr.  :  15;^.  :  :  32^^.:  4,8/.. 
Alfo  looi;.  :    95/. :  :  4,8;^.  :  4,56^^- 

Anfwcr  4jC'  >i^«  ^Id. 


The  Rule  of  Proportion  is  of  almoft  unlverfal  ufc  in  all  bufinefs  where 
computation  is  required  ;  as  in  buying  and  felling,  values  of  flocks  and 
thdr  dividends ;  the  intereft  and  difcount  of  money  ;  the  cufloms  and 
duties  on  goods,  (:fc.  But  the  dcfigned  brevity  of  this  book  will  not  per- 
piit  farther  illufUations, 
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3ECTION  VIII.     OF  THE  POWERS  OF  I^JUM^pRS, 
AND  OF  THEIR  ROOTS.  .^    '  ^  :  V 

49.  *The  Power  of  a  number  ^h  a  produ5i  arifing  by  multiplying 
that  number  by  itjelf^  the  produ^  by  the  fame  number  ^  this  produSi 
by  the  fame  number  again,  i^c.  to  any  number  of  multiplications. 

50.  The  given  number  Js  called  the  firft  power  or  root.    .  - 

The  Produ(£l  of  the  i  ft  power  by  itfelf,  is  the  fecond  power,  or  fquarc. 
The  Produdl  of  the  ?d  power  by  the  ift,  is  the  3d  power^  or  cube. 
The  Product  of  the  3d  power  by  the  ift,  is  the  4th  power,  &c, 

51.  Here  follow  the  ift,  2d,  and  3d  powers  oif  the  nine  digits. 
Roots,     or   ill  power     1234         5         6         7         8         9 
Squares,  or  zd  power     14       916       25       36       49       64       81 
Cubes,     or  3d  power     i     8     27     64     125     2r6     343     512     729 

Ex.  I.    JVhat  is  the  2d  power,  or 


Ex.  II.  IVhat  is  the  "^d power,  or 
cube  of  38  ? 

Now  38X381=1444  the  2d  power. 
Then  1444  X  38=154872  the  3d  power. 


[qiiare  of  the  number  24  ? 

24X24=576  is  the  2d  power. 

The  figure,  or  number,  fhewing  the  name  of  any  power,  is  called  the 
index  of  that  power.   . 

Thus  I  is  the  index  of  the  firft  power :  2  is  the  index  of  the  2d  power  ; 
3  of  the  third  power,  l^c.  Alfo  i  is  the  index  of  the  fquare  root  j  4,  the 
index  of  the  cube  root,  l^c. 

52.  Any  number  maybe  confidered  as  a  power  of  fome  other  number. 
Thus  64  may  be  taken  as  the  2d  power  of  8,  and  the  third  power  of 

4,  ^c, 

53.  The  root  of  a  given  number,  confidered  as  a  power,  is  a  number 
which  being  raifed  to  the  index  of  that  power,  will  either  be  equal  to  the 
given  number,  or  approach  very  near  to  it. 

54.  'To  extract  the  Square  Root  of  a  given  number. 

Rule  ift.  Begin  at  the  unit's  place,  put  a  point  over  it,  and  alfo  over 
every  next  figure  but  one,  reckoning  to  the  left  for  integers,  and  to  the 
right  for  fradlions  j  and  there  will  be  as  many  integer  places  in  the  root, 
as  there  are  points  over  the  integers  in  the  given  number. 

The  figure  under  a  point,  v/ith  its  left-hand  place,  is  called  a  period. 

2d.  Under  the  left-hand  period  write  the  greatcft  fquare  contained  in  it, 
and  fet  the  root  thereof  in  the  Qiiotient;  fubtracft  the  fquare,  and  to  the 
remainder  bring  down  the  next  period,  as  in  Divifion. 

3d.  On  the  left  of  this  Remainder  write  the  double  of  the  Root  or 
Quotient  for  a  Divifor  ;  feek  how  often  this  may  be  had  in  the  Remainder, 
except  the  right-hand  place  j  write  what  arifeth  both  in  the  Root,  and  on 
the  right  of  the  Divifor. 

-  4th.  Multiply  this  increafed  Divifor  by  the  laft  Quotient-<figure  ;  fub- 
tra(9:,  and  to  the  Remainder  bring  down  the  next  period  j  double  the 
Root  for  a  Divifor,  and  proceed  as  before. 

55.  Fractional  places  will  arife  in  the  Root,  by  annexing  to  the  Re- 
n^amders,  periods  of  two  cvphers  each,  and  reuewing-the  operation. 

2         '  £x. 
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1444  (3^  Root. 
9 


Ex.  I.  IfHyat  is  the  Square  Root  of  ia^w? 
Put  a  point  over  the  units  place  4,  and  alfo 
over  the  place  of  ipos.  Now  the  number  con- 
fiils  of  2  periods,  and  will  have  2  integer  places 
in  the  Root :  Then  the  greateft  Square  in  14, 
the  left-hand  period,  is  9,  and  its  Root  is  3  j 
write  9  under  the  period,  and  three  in  the  Root  ^ 
now  9  from  14  leaves  5,  to  which  annex  the 
next  period  44 ;  the  Root  3  doubled  makes  6, 
which  in  54  is  contained  8  times,  annex  8  to  the  3  in  the  Quotient,  and 
to  the  Divifor  6,  makes  the  Root  38  and  the  Divifor  6S  ;  then  8  times  6^ 
is  544 ;  and  there  remaining  0,  on  fubtra<Slion,  it  may  be  concluded, 
that  38  is  the  true  Root. 


68)    544 
5+4 


Ex.  II.  What  is  the  Square  Root 
?/■  36372961.^ 

36372961  (6031  Root. 
36 


1203)    3729 
3609 

1206O  12061 
12061 


Ex.  IV.    W/jat  is  the  Square  Root 
5/24681024? 

Anfwer  4968. 

Ex.  VI.   What  is  the  Square  Root 
^/ 76395820? 

76395820(8740,4702 
64 


167  )  1239 
J 169 


1744)7058 
6976 


Ex.  III.  What  is  the  Square  Root 
^/ 1,0609.''    :,. 

1,0609  ( i>03  Root* 


203 )  0609 
609 


Ex.  V.    TVhai  is  the  Square  Root 
5/911236798,794.365? 

Anfwer  30186,699,  t^c. 

911236798,794366  (  30186,6 
601  )  1123 


6028  )  52267 


60366  )  404398 


174804 )  822000 
699216 


17480S7  )  12278400 
12236609 


174809402  )  4 1 79 1 0000 
349618804 

68291 196 


603726  )  4220279 

597923 

i3'c. 

Here  the  produces  are  omitted,  the 
multiplication  and  fubtraiSlion  being 
made  in  the  mind. 

In  the  Vlth  Example,  after  all  the 
periods  given  were  brought  down, 
there  remained  8220,  to  which  a  pe- 
riod of  two  cyphers  was  annexed,  and 
the  operation  renewed,  r.nd  con- 
tinued until  4  decimal  places  were 
obtained  in  the  Root;  every  period 
brought  down  giving  one  place. 

56.  Tf 
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56.  "To  extras  tpe  Cube  Root  of  a  given  Number, 

Rule  ifl.  Over  the  unit  place  of  the  given  number  put  a  point,  and 
a!fo  over  every  third  figure  from  the  unit  place,  to  the  left  for  integers, 
and  to  the  right  for  fra<5lions  j  and  the  root  will  have  as  many  integer 
places,  as  there  are  points,  or  periods,  in  the  integral  part  of  the  given 
number. 

2d.  Under  the  left  hand  period,  write  the  greateft  Cube  it  contains, 
the  root  of  which  fet  in  the  Quotient:  Subtract  the  Cube  from  the  pe- 
riod, and  to  the  Remainder  annex  the  remaining  periods  ;  call  this  the 
Refolvend. 

3d.  To  the  Quotient  annex  as  many  cyphers  as  there  were  periods 
remaining  ;  call  this  the  Root. 

4th.  Divide  the  Refolvend  by  the  Root,  add  the  Quotient  to  thrice  the 
Square  of  the  Root,  let  the  Sum  be  a  Divifor  to  the  Refolvend,  and  the 
Quotient-figures  annexed  to  the  right  of  the  firft  Root,  without  the  cy- 
phers, will  be  the  Cube  Root  fought. 

5th.  If  the  fecond  figure  of  the  Root  be  i,  or  O;  then  generally  3  or 
4.  figures  of  the  Root  will  be  obtained  at  the  firft  operation  :  But  if  the 
fecond  figure  exceeds  2,  it  will  be  beft  to  find  only  two  places  at  firft. 

6th.  To  renew  the  operation  ;  fubtracSl  the  Cube  of  the  figures  found 
in  the  Root  from  the  given  number  j  then  form  a  Divifor,  and  divide 
as  dire£led  in  the  fourth  precept ;  and  this  will  give  the  Root  true  to  5 
or  fix  places  :  For  each  operation  commonly  triples  the  figures  found  in 
the  lift  Root. 

Ex.  I.     JV}]at  is  the  Cube  Root  0/9800344  ? 

Put  a  point  qver  the  unit  place  4, 
another  over  the  place  of  thoufands,  9800344(2 

and  another  over  that  of  millions  ;  g 

and  becaufe  there  are  3  points,  there  _______ 

will  be  3  places  in  the  Root.  Under  2,00)  18003,44  Refolvend. 

the  left  hand  period  9,  write  8,  the  ^__— _-         ^  ^ 

greateft  Cube  in  it,  and  its  Root  2  9001  =  Quotient. 

write  in  the  Quotient,  then  fubtraa-  1 20000= thrice  the  Sq.  of  the  R. 

ing,  the  Refolvend  is  1 800344:  Now  .   .  . 

becaufe  there  are  two  periods  remain-  129001;!  00344^14 

jng,  therefore  two  cyphers  annexed  ^ 

to  the  Root  2,  make  it  200,  by  which  c  10^44. 

dividing   the   Refolvend,   the  Qiio-  516004 

tient  is  900 ij  alfo  the  fquare  of  200  , 

is  40000,  the  triple  thereof  1 20000  The  Root  is  214. 

being  added  to  9001,  makes  1 29001 

for  a  Divifor,  by  which  dividing  1800344,  the  Quotient  is  14  nearly,  and 

is  taken  as  14,  becaufe  it  is  much  nearer  to  it  than  to  13  ;  now  14  being 

annexed  to  the  former  Root  2,  makes  214,  the  Root  fought, 

J-'or  214x214x214=9800344. 

Ex.  II. 
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Ex.  II.     JVhat  is  the  Cube  Root  of  5 1 8749442^ 7  5  f 
•    •     •     * 

518749442875(8 

52f 

8,000)  6749442,875 


843680 
192000000 

i9284368o(  674944287'$  (035 

^78531040 

964132475 
964218400 

In  this  example,  becaufe  3  periods  were  remaining,  and  confequently  3 
piaces  more  to  be  found ;  therefore  in  the  laft  divifion  a  point  is  put  over  the 
3d  place  from  the  right  hand,  and  the  Divifor  is  firft  to  be  tried  in  the  Di- 
vidend as  far  as  this  point,  in  which  as  it  cannot  be  taken,  0  is  put  in  the 
Quotient,  i^c.  here  the  laft  figure  5  is  too  much,  but  it  is  much  nearer  to  5 
than  to  4 ;  then  035  annexed  to  the  firft  Root  8,  makes  8035  for  the  Root. 

Ex.  III.     TVhat  is  the  Cube  Root  of  1 14604290,028  P 

114604290,028  48 

64  48 


4,00)    50604290 

126510  192 

480000  — — 

2304 

606510)  50604290  (8  48 

Here  480  is  taken  for  the  Root  at  the  firft  operation.  18432 

9216 

Then  114604290,028(48  ■ 

1 10592  110592 


480)     4012290       The  work  of  the  Divifion  is  fuppofed  to  be  done 
'  on  a  walle  paper. 

8358,9        the  Quotient. 
691200     =  triple  the  Square  of  480,  vix.  230400x3. 


Divifor  699558,9)    4012290,028  (5736 
•  '  •      34977945 


To    480  the  firft  Root 
5144955         Add      5,736 
48969 1 2 


248043 
209807 


Sam  485.736 


38176 
57.  Here,  inftead  of  bringing  down  the  figures  of  the  Dividend  to  the 
Remainders,  the  Divifor  is  leflened  each  time,  by  pointing  ofF  a  place  on 
the  right ;  but  regard  is  to  be  had  to  the  carriage  which  will  arife  from 
the  places  thus  omitted. 
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SECTION  tX/    C)i^%tlkEkAL  SERIES. 

58.  J  rank  of  three  or  more  numbers  that  increaje  or  decreafe 
By  an  uniform  progreffmij  is  called  a  Numeral  Series. 

59.  If  the  Progreflion  is  made  by  equal  differences,  that  is  by  the  con- 
ftant  addition  or  fubtradlion  of  the  fame  number  j  the  feries  is  called  an 
Arithmetic  Progrejfton. 

fl      23456789  yc,  increafing  by  adding  I, 
Thus<    3     6     9   12   ij    18  21   24  27  tfff.  increafing  by  adding  3, 

C  49  43  37  31  25   19  '3     7     ^  ^^-  decreafing  by  fubduaing  6, 
are  ranks  of  numbers  in  Arithmetic  Progreflion  :  And  of  fucb  ranks  there 
may  be  an  infinite  variety. 

60.  If  the  Progreflion  is  made  by  a  conftant  multiplication  or  divifion 
with  the  fame  number,  the  feries  is  called  a  Geometric  Progrejfton. 


i 


l^c.  increafing  by  2, 

*  i        -.)    .-,   ^^,    3-^0    -3--:,       fjf.  increafing  by  5, 

*    "   1     6561    2187     729   243     81        27  9  3  tfff.  decreafing  by  3, 

I  l^c,  decreafing  by  4, 

are  ranks  of  numbers  in  Geometric  Progreflion :  And  of  fuch  ranks  there 
may  be  an  infinite  variety. 


I     2 

4   8   16   32    64 

I    5 

25  125  625  3125  15625 

6561  2187 

729  243  81   27     9 

6384  4096 

1024  256  64   i6    4 

'61.  The  common  Multiplier  or  Divifor  is  called  the  ratio. 
Thus  2  is  the  ratio  in  the  \fi  rank,  5  in  the  2d  rank,  3  is  the  ratio  in  the 
3^  rank,  and  4  in  the  ^th  rank. 

62.  In  any  feries  of  terms  in  Arithmetic  Progreflion,  the  fum  of  any 
two  terms,  confidered  as  extremes,  is  equal  to  the  fum  of  any  two  terms 
taken  as  means  equally  diftant  from  the  extremes. 

7'ibus  if!  3  terms  (where  the  \Ji  and  3</  are  extremes,   and  the  other  the  mean  J 
a/K.  6.9.12,  then  6-]- 1 2^=9-^-9=  1 8. 
And  in  \  terms,  'viz.  13.  19. 25.  31, 
T"^*/*  1 3+3 1  =  19-^-25  =44. 
Al/o  in  the  terms  49.  43.  37.  31.  25.  19.  13.  7.  I. 

y/&^«  49+1  =43+7=37+13=3  •+■9=25+25=50. 

63.  In  a  feries  of  terms  in  Geometric  Progreflion,  the  Producl  of  any 
two  terms  confidered  as  extremes,  is  equal  to  the  Product  of  any  two  in- 
termediate equidiflant  terms  confidered  as  means. 

'J'hus  in  3  terms,  'viz.  5.  25  .  125  .     Or  S  •  9  '  ^7- 

Then  5X125  =  25  X  25=625.     Jt/a  3X27=5X9  =  81. 

And  in  4  terms  4.8.16.32. 

T/^^*  32X4  =  16X8  =  128. 

Aljo  in  the  terms  i  .  4  .  16  .  64  .  256  .  1024  .  4096  .  16^84  . 

Then  16384X1=1409,6x4=1024X16=256x64  =  16384. 

64.  In 
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64.  In  any  Arithmetic  PrOgreflion,  the  fum  of  any  two  terms  leflened 
by  the  firft  term ;  or  their  difference  increafed  by  the  firft  term,  will  be  a 
term  alfo  in  that  progreifion. 

Tbiit  in  the  ProgreJ/ion  1  •  3  •  5  •  7  •  9«  II  •  13  •  15  .  17  .  19  .  21  ^c. 
Then  'j-\-i\::z.\i,  and  18 — 1=1:17  is  a  term  of  the  Progreffion. 
.1/^  1 1«^7±=4,  and  4-^1  =5  is  a  term  t)F  the  Progi-effion. 

65.  In  any  Geometric  Progrefllon,  the  product  of  any  two  terms  di- 
vided by  the  firft  term  ;  or  the  Quotient  of  any  two  terms  multiplied  by 
the  firft  term,  will  give  a  term  alio  in  that  feries. 

Thus  in  tb«  Progrijpon  3  .  6  .  1  2  .  24  .  48  .  96  .  192  .  384  .  768  Cfff. 
!2  X96  ,  192  'J  .;,      ■ 

Thin  =3^4;  and  — X 3  =48, 'are  terms  in  the  Progreffion. 

3  12 

66.  If  over  a  feries  of  terms  in  Geometric  Progreffion,  be  written  a 
feries  of  terms  in  Arithmetic  Progreffion,  the  firft  term  of  which  is  0, 
and  common  difference  is  i,  term  for  term  ;  then  any  term  in  the  Arith- 
metic Series,  will  fhew  how  far  its  correfponding  term  in  the  Geometric 
Stries  is  diftant  from  the  firft  term,  -  - .!    r    . 

CT-,        C  o     I     2       3       4         5         6  ^c.  Arithmetic  Series. 
"'     (  I      3     9     27     81      243     729  Cfff.   Geometric  Series. 
Here  739  is  dillant  from  the  ift  term,  6  terms;  243  is  diftant  5  terms,  81  is 
diftant  4  terms. 

67.  The  terms  of  the  Arithmetical  Scries  are  called  indices  to  the 
terms  of  the  Geometric  Series. 

Thus  5  ii  the  index  to  z\i\   3  //  the  index  to  2y  ;   1  it  tie  index  /o  3  J  ^c. 

68.  Problem  I.     In  an  Arithtnetk  PrcgreJp,on  :  Given  iht  jirji  tirmt 

the  common  difference^  and  the  number  of  terms. 
Required  the  laji  term. 

Rule.  Subtradl  i  from  the  number  of  terms,  multiply  the  remainder 
by  the  common  difference  ;  to  the  jirodufl:  add  the  firft  term,  and  the  fum 
will  be  the  laft  term. 

Ex.  I.  Suppofe  1  and  9  to  be  the  fir Jl  and  fecond  termiy  of  an  Arithmetic 
Progreffion  o/"  1074  terms  :   JVhat  is  the  laj]  term  ? 

Here  9 — 1=8  is  the  com.  difF.     Now  1074 — imo73. 
And  1073  x8=:8584.     Then  8584+ i=858s=:laft  term. 

Ex.  II.  A  perfon  agrees  to  difcharge  a  certain  debt  in  a  year ^  by  weekly 
payments^  viz.  the JirJi  week  $s.  the  2d  week  ^s.  &c,  (onjiantly  incrtafing 
each  iveek  by  31. ;  How  much  was  the  laji  payment  ? 

5mft.  term.  Now    52 — 1=   51. 

3  =  com.  difF.  And     5iX3=:i53. 

5z=:N»of  tcrmi.      Them 5 3-1-5^:1 58 /,=:7;C<  iZs^Zzh^f^ymtnX. 

69,   Pro- 
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69.  Problem  II.    In  an  Arltbmetlc  Progrtjfton :  Given  the  firfi  term y 
haji  term^  and  the  numher  of  terms. 
Required  the  fum  of  all  the  terms. 

Rule.  Add  the  firft  and  laft  terms  togetlicr,  the  fum  multiplied  by  half 
the  number  of  terms,  gives  the  ftim  of  all  the  terms. 


Ex.  I.  Required  the  ftvn  of  the 
firjl  1000  numbers  in  their  natural 
■4rder, 

Here  i  =  ift  term,  irrcom.  diff. 

locc^N"  of  terms,  its  {  is  500. 

Now  xooo-f-i  =  iooi. 

Then  looi  X5oo=5O05OO  is  the  fum 

required. 


Ex.  II.  A  debt  is  to  be  ^fcharged 
in  a  year  by  weekly  payments  equally 
increafing-f  the  iji  tobe  ^s.  andthelajl 
"/£.  I  Ss.  ■  How  much  was'  the  debt  r 

Here  7jC.  18/  =:i58/.rrlaft  term. 
52=::N''  of  terms,  its  -f  is  26. 
Now  i58-f-5=:i63. 
Then  163  X  26=4238/. =21  ij^.  18/. 
is  the  fum  of  the  terms,  or  debt. 


Ex.  III.  Suppofe  a  bajket  and  ^00  Jlones  were  placed  in  ajlraight  line,  a 
yard  dijlant  from  one  another':  Required  in  what  time  a  man  could  bring  them 
one  by  one  to  the  bajket^  allowing  him  to  walk  at  the  rate  of  3  miles  an  hour  ? 

Between  the  baflcet  and  ftones  are  500  fpaces,  which  is  the  number  of  terms. 
Now  500-f  1=501.     Then  501  X25o=:i25250=:fum  of  the  terms. 
But  as  he  goes  backwards  and  forwards,  he  walks  250500  yards. 
Which  divided  by  1760  (the  yards  in  i  mile)  gives  142,3 29. miles. 
Which  at  3  miles  an  hour,  will  take  47  h.  26  min.  35  feconds  nearly. 

7c.  Problem  III.  In  a  Geometric  ProgreJJion  :  Given  the  firjl  term,  the 
ratio  and  the  laji  term. 

Required  the  fum  of  all  the  terms. 

Rule.  Multiply  the  laft  term  by  the  common  ratio,  from  the  Produd^ 
fubtradl  the  firft  term  for  a  Dividend. 

Subtract  i  from  the  ratio  for  a  Divifor  j  then  divide,  and  the  Quo- 
tient will  be  the  fum  of  all  the  terms. 

Ex.  I.  Suppofe  the  firjl  term  of  a  feries  to  be  3,  the  ratio  3,  and  the  laft 
t/rmb^6i:  Required  the  fum  of  all  the  terms. 

Now  656i=laft  term.         And     3=:ratio. 

Mult,  by  3  =  ratio.  Sub.     i 


r 


i9683=Produa.       Rem.     2=:Diviforj 


Subtr.  3=firft  term 

lo68o=:Dividend. 


Then  2)19680(9840  is  the  fum  of  all  the  terms. 

vEx.  II.  Let  thefir/l  term  be  2,  the  fecond  term  lo,  and  the  laji  term 
156^50  ;  Required  the  fum  of  all  the  terms. 

Here  2)  10  (5  is  the  common  ratio. 

Now  156250X^  —  781250.     And  781250 — 2=r78i248=:Dividend. 

AlTo  5—1=:.^  the  Divilbr. 

Then  4)  781248  (195312  is  the  fum  of  all  the  terms. 

71.  Pro- 
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71.  Problem  IV.  In  a  Geometric  Progrejfton:  Given  the  Jirji  termy 
the  ratioy  and  the  number  of  terms. 

Required  the  lajl  term. 

RuLfe  ift.  Write  down  6  or  7  of  the  leading  terms  in  the  Geometric 
Series,  and  over  them  their  Indices. 

2d.  Add  together  the  moft  convenient  indices  to  make  an  index  lefs  by 
unity  than  the  number  exprefBng  the  place  of  the  term  fought. 

3d.  Multiply  together  the  terms  of  the  Geometric  Series,  belonging  to 
thofe  indices  which  were  added  j  make  the  product  a  dividend. 

4th.  Raife  the  firft  term  to  a  power  whofe  indeji  is  one  lefs  than  the 
number  of  terms  multiplied  ;  make  the  refult  a  Divifor  to  the  former  Di- 
videndj  and  the  Quotient  will  be  the  term  fought. 

Ex.  I.  tVl)at  is  the  iqtM  tennof  a  Geometric  Series  ^  the  firjl  term  of  which 

ts  2t  and  fecond  term  is  6  P 

^        6  ,  .  . 

Now  —  =:  2  is  the  common  ratio. 

3 
-j^oi        23        4-5  6  isfc.  Indices* 

(     3  .  6  .  12  .  24  .  48  .  96  .  192  (sfc.  Geometric  terms. 
Then  6-|-5:r:ri,  is  the  index  to  the  12th  term. 
And  192  Xy6:=:  1 843 2,  is  the  Dividend. 

The  number  of  terms  multiplied  together  is  2  ;  and  2-^—1  =:  i,  the  power 
to  which  the  firft  term  3  is  to  be  raifed  ;  but  the  firft  power  of  3  is  3. 

18432 

Then —  ±:  6 1 44  is  the  1 2ih  term  of  the  given  ferifes. 

3 

Ex.  II,  APerfon  being  afked  to  difpofe  of  a  fine  horfe,  fain  he  would  fell 
him  on  condition  of  having  one  farthing  for  the  \fl  nail  in  his  Jhoes,  two  far- 
things for  the  id  nail-,  one  penny  for  the  ^d  nail;  two  pence  for  the  &^.th  ; 
four  pence  for  the  ^th  ;  8  pence  for  the  bth^  iSc.  ;  doubling  the  price  of  every 
tail  to  32,  the  number  of  nails  in  the  four  Jlioes :  HoUi  much  would  that 
horfe  be  fold  for  at  that  rate  ? 

Here  the  firft  term  is  i,  the  ratio  2,  and  the  number  of  terms  32. 
P  irft.     To  find  the  laft  term. 

Kow  5°'23       45       6         7         S^fff.  Indices. 

(    I  .  2  .  4  .  8  .  16  .  32  .  64  .  123  .  256  ^c.  Geometric  terras. 
And  31  is  the  index  to  the  32d  term. 
Then  8  +  8=16;    16  +  8  =  24;  24  +  7  =  31. 

The  id:  term  being  t,  any  power  thereof  is  I;  fo  the  4th  article  of  th« 
rule  is  ufeiefs  in  this  queftion. 

Now  2^6x2156=65536  is  the  17th  term. 

615536X2^6  =  16777216  is  the  25th  term. 
i67772i6x  128  =  2147483648  is  the  321!  term. 


Then    2147483648 
2 


4204967296 

— 1  the  ift  term. 

a  — I—  0  4  '9496"'295  the  fum  of  the 


term? :  or  tn«  price,   in  farthings,    of 
the  horTe, 


20 


42^4967291; 


•  073741S23      if 


8947 8 +H 5   -  3</. 
4J7-Q24  -    5  -f* 


Aniwcr  4473924  ;C'  5'-  lU- 
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SECTION    X.     OF    LOGARITHMS. 

7  a.  LtOGAKiTHMS  are  a /eries  of  numbers  Jo  contrived^  that 
hy  them  the  work  of  multiplication  may  be  -performed  by  addition  j 
and  the  operation  of  divifion  may  be  done  by  Jubtr action . 

'     73.  Or,  Logarithms  arc  the  Indices  to  a  feries  of  numbers  in  Geome- 
trical Progreffion.  '  't 

ff  o     I     2       3         4  5  6  l£c.  Indices'or  Logarithms. 

^124       8       16         32  64  l^c.  Geometric  Progreffion. 

(0123  4  5  fi^c.  Indices  or  Logaiithms. 

^"^  J     1      3       9        27  8 1  243  l^c.  Geometric  Series. 

r    o     I        2  3  4  5   l^c.  Indices  or  Logarithms. 

\    I    10   ICO  1000  locoD   looooo  ^c.  Geometric  Series. 
Where  the  fame  Indices  ferve  equally  for  any  Geometric  Series. 

74.  Hence  it  is  evident,  there  may  be  as  many  kinds  of  Indices  or  Lo- 
garithms, as  there  can  be  taken  kinds  of  Geometric  Series. 

But  the  Logarithms  moft  convenient  for  common  ufcs,  are  thofe  adapted 
to  a  Geometric  Series  increafmg  in  a  tenfold  Progreffion,  as  in  the  laft  of 
the  examples  above. 

75.  In  the  Geometric  Series  i  ,  10.  100.  1000.  l^c.  between  the 
terms  i  and  lO,  if  the  numbers  2.3.4.5.6.7.8.9  were  interpofed, 
to  them  might  Indices  be  alfo  adapted  in  an  Arithmetic  Progreffion,  iuited 
to  the  terms  interpofed  between  i  and  10,  confidered  as  a  Geometric  Pro- 
greffion :  Alfo  proper  Indices  may  be  found  to  all  the  numbers  that  can 
be  interpofed  between  any  two  terms  of  the  Geometric  Series. 

But  it  is  evident  that  all  the  Indices  to  the  numbers  under  lO  muft  be 
lefs  than  i;  that  is,  are  fradtions  :  Thofe  to  the  numbers  between  10  and 
100  muft  fall  between  i  and  2 ;  that  is,  are  mixed  numbers  confifting  of 
I  and  fpme  fraftion  :  And  fo  the  Indices  to  the  numbers  between  ico  and 
1000  will  fall  between  2  and  3;  that  is,  are  mixed  numbers  confifting  of 
two  and  fome  fratStion  :  And  fo  of  the  other  Indices. 

76.  Hereafter,  the  integral  part  only  of  thefe  Indices  will  be  called  the 
Index;  and  the  fractional  part  will  be  called  the  Logarithm  :  And  the 
computing  of  thofe  fractional  parts  is  called  the  making  of  Logarithms  ; 
the  moft  troublefome  part  of  this  work  is  to  make  the  Logarithms  of  the 
prime  numbers  ;  that  is,  of  fuch  numbers  which  cannot  be  divided  by  any 
other  number  than  by  itfelf  and  unity. 

77.  To  find  the  Logarithms  of  prime  numbers.  ^ 

Rule  ift.  Let  the  fum^of  the  propofed  number  and  its  next  lefs  num- 
ber be  called  A. 

2d.   Divide  0,868588963  *  by  A,  rcfcrve  the  Quotient. 

•  The  number  0,868588963  is  the  Quotient  of  2  divided  by  2,30258^093, 
which  is  the  Logarithm  of  jo,  according  to  the  firft  form  of  the  Lord  Nepier, 
who  was  the  inventor  of  Logarithms.  The  manner  by  which  NeJ>ter^s  Log.  of 
10  is  found,  may  be  feen  in  many  books  of  Algebra  ;  but  is  here  omitted,  be- 
caufe  this  treatife  does  not  contain  the  elements  of  that  fcience :  However, 
thofe  who  h.ave  not  opportunity  to  enter  thoroughly  into  this  fubjcft,  had 
better  grant  the  truth  of  one  number,  and  thereby  be  enabled  to  try  the  accu- 
racy of  any  Logarithm  in  the  tables,  than  to  receive  thofe  tables  as  truly 
computed,  without  any  means  of  examining  the  certainty  thereof. 

2  3d.  Divide 


3d.  Divide  the  referved  Quotient  by  the  Square  of  A,  referve  this 
Quotient. 

4th.  Divide  the  laft  referved  Quotient  by  the  Square  of  A,  referving 
the  Quotient ;  and  thus  proceed  as  long  as  divifion  can  be  made.  _ 

5th.  Write  the  referved  Q^iotients  orderly  under  one  another,  the  firft 
being  uppermpft. 

6th.  Divide  thcfe  Quotients  refpe(StiveIy  by  the  odd  numbers  1.3.5. 
7  .  9  .  II,  iffc.  that  is,  divide  the  firft  referved  Quotient  by  i,  the  2d  by  3, 
the  3d  by  5,  the  4th  by  7,  i^c.  let  thefe  Quotients  be  written  orderly  un- 
der one  another,  add  them  together,  and  their  fum  will  be  a  Logarithm. 

7th.  To  this  Logarithm,  add  the  Logarithm  of  the  next  lefs  number, 
and  the  fum  will  be  the  Logarithm  of  the  number  propofed. 

Ex.  L  Required  the  Logarithm  of  the  number  2, 

Here  the  next  lefs  number  is  i,  and  2-f"i:=3  — A. 

And  the  Square  of  A  is  9.     Then  ;  j 

0.868588963                                           ,289525654. 
==,289529654.       And    z:, 289529654 

0,289529654                                           ,032169962 
=,032169902.       &         — — • =,010723321 

0,032169962  •  ,003^74440 

— : =,003574440.      &  — =,000714888 

0,003574440                                           ,000397:60 
=,000397160.  &        '■ — - — ==,000056737 

9                 .                                              7 
0,000397160                                           ,000044129 
==,000044129.  &         =,000004903 

9                                                              9 
0,000044129                                           ,000004903 
— '=,000004903.  «         ■ — =,000000445 

0,000004903                                           ,000000545 
=,000000545.      &        :::, 000000042 

0,000000:^41;  ,000000060 

=,oocoooo6o.       Sc         =:, 000000004 


To  this  Log.  o,3oio299(}4 

Add  the  Log.  of  i=o,oocoooooo 


Their  fum  is  the  Log.  of     2=^0,301029994 
This  procefs  needs  no  other  explanation  than  comparing  it  with  the  rule. 

That  the  manner  of  computing  thefe  Logarithms  may  be  familiar  to 
the  Reader,  the  operations  of  makiiig  fcveral  of  them  arc  here  fubjoined. 


D  2  Ex,  n, 
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Ex.  11.     Required  the  Logarithm  of  the  number  1. 
Here  the  next  Icfs  number  is  2 ;  and  3  +  2=:5=A,  whofe  Square  i»  25,. 


o,868988q63 


=>i737»7792.  And 


o»'737'7792_ 
0,006948712^ 

0,000277948 

0,0000  t    I    I    18 

0,000000445 


6948712.  & 

277948.  & 

11118. & 

445-  «« 
18.  & 


,173717792 

I 

6948712 

3 

277948 

5 
f  Iit8 


=.«737i779^ 
=:,O023i63?7 


=,000055590 


7 
445 


=,000001588 


=,oooooco49 

18 

— =,000000002 
II 


To  this  Logarithm  0,176091258 

Add  the  Log.  of  2  ^  0,301029994 

The  fum  is  the  Logarithm  of  3  0,477121252 


78.  Since  the  Logarithms  are  the  Indices  of  numbers  confidered  in  3 
Geometric  Progreflion  j  therefore  the  fums,or  diiFerences  of  thefe  Indices, 
wi)l  be  Indices  or  Logarithms  belonging  to  the  Produ<Sls,  or  Quotients, 
of  fuch  terms  in  the  Geometric  Progreffion  as  correfpond  to  thofe  Lo- 
garithms which  were  added  or  fubtraded  (71). 


Ex.  III.  Required  the  Log.  of  J^. 

N0W4=2X2. 

Then  to  the  Log.  of  2    0,301029994 
Add  the  Log,  of  2     0,301029994 


Sum  is  the  Log.  of  4    0,602059988 


Ex.  V,  Required  the  Log.  ofio. 
In   the  original   Series,   i  is  aflumed 
fox  the  Logarithm  of  1  o. 


Ex.  VII.  Required  the  Log.  of  ^. 

Now  8  =  2X2X2. 

Therefore  the  Log.  of  2  taken  thrice 

gives  the  Log.  of  the  number  8 

The  Log.  of  2  is  0,301029994 

"Which  multiplied  by  3 


Gives  the  Log.  of  8 
6 


0,903089982 


Ex.  IV.  Required  the  Log.  of  6, 

Now  3  X2=6. 

Then  to  the  Log.  of  3     0,477121252 
Add  the  Log.  of  2    0,301029994 

Sum  Is  the  Log.  of  6    0,778151246 

Ex.  VI.   Required  the  Log.  of  5, 
Now  10  divided  by  2  gives  5. 
Then  from  Log.  of  la     1,000000000* 
Take   Log.   of    2     0,301029994 

Leaves  the  Log.  of  5    0,698970006 

Ex.  VIII.  Required  the  Log.  ofq. 

Now  9=3  X3. 

Therefore  the  Log.  of  3  doubled  gives 

the  Log.  of  9. 

The  Log.  of  3  is  0,477121252 

Which  multiplied  by  2 

Gives  the  Log.   of  9    0,954242504 

Ex.  IX. 


Book  I.  A  R  I  T  H  M  E  T  I  C  K.  37 

£x.  IX.  Required  the  Logarithm  cf  •] , 

Here  6  is  the  next  lefs.     Then  74-6=  i3=A;  and  i69=Square  of  A. 

0,86858806^         ..^      '  .     ,    .066814536 

— 2 =,066814536.     And — =,066814536 

13  I 

2:2^2121112=  2339.      &  i5i9^  ^68  ^ 

169  5 

0,000002?  •JO  «  14 

i£Z^=  14.      &  —1=  2 

169  7 


To  this  Logarithm  0,066946790 

Add  the  Logarithm  of  6  0,778151246 

The  fum  is  the  Logarithm  of  7         0,845058036 

The  Log.  of  12  is  equal  to  the  fum  of  the  Logs,  of  3  &  4,  or  of  2  &  6. 
The  Log,  of  14  is  equal  to  the  fum  of  the  Logs,  of  7  &  2. 

of  15  of  3  &  5. 

of  16  of  4  &  4,  or  of  5  &  2. 

ofi8  of  3  &  6,  or  of    9  &  2. 

of  20  of  4  &  5,  or  of  10  &  2, 

79.  The  Logs,  of  the  prime  numbers  ii,  13,  17,  19,  are  to  be  found 
as  in  the  examples  L  IL  IX.  and  in  like  manner  is  the  Log.  of  any  other 
prime  number  to  be  found  ;  but  it  may  be  obferved,  that  the  operation  is 
/hortcr  in  the  larger  prime  numbers  ;  for  any  number  exceeding  400,  the 
firft  Quotient  added  to  the  Logarithm  of  its  next  lefler  number,  will  give 
the  Logarithm  fought,  true  to  8  or  9  places  ;  and  therefore  it  will  be  very 
eafy  to  examine  any  fufpeded  Logarithm  in  the  tables. 

80.  The  manner  of  difpofing  the  Logarithms,  when  made,  into  tablest 
is  various  :   But  in  this  treatife  they  are  ordered  as  follows. 

Any  number  under  100,  cr  not  exceeding  two  places^  and  its  Logarithm^ 
are  found  in  the  firji  page  of  the  table,  where  they  are  placed  in  adjoining 
columns  ;  and  diftinguifhed  by  the  title  Num»  for  the  common  numbers  j 
and  by  Log.  for  the  Logarithms. 

Thefe  tables  are  at  the  end  of  Book  IX. 

A  number  of  three  or  four  places  being  given,  its  Logarithm  is  thus 
found. 

Seek  for  a  page  in  which  the  given  number  fhall  be  contained  between 
the  two  numbers  marked  at  the  top,  annexed  to  the  letter  N  :  Then, 
right  againft  the  three  firft  figures  of  the  given  number,  found  in  the 
column  figned  Num,  and  in  the  column  figned  by  the  fourth,  Itands  tha 
Logarithm  belonging  to  that  number  of  four  places. 

If  the  number  confifted  of  3  places  only  ;  then  thefe  places  found  as 
before  directed,  the  Logarithm  ftnads  againd  them  in  the  columrt 
figned  0. 

D  3  Thu5, 
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<  Thus,  to/rtd  the- Logarithm  of  5738;    Seek  for  a  page  in  which  ftands 
at  top  N"  5200  to  5800  J  then  in  the  column  figned  N°  find  573,  right 
againft  which  in  the  column  figned  8-af'  top  or  bottom  ftands,  75876^' 
which  is  the  Logarithm  to  5738,  exclufiv^  of  its  Index.    .  _< _■' 

8r.  A  Logarithm  being  givni^  its  number  is  thus  found.  '  ' .  . 

Seek  for  a  page  in  which  the  three  firfl:  figures  of  the  given  Logarithm 
are  found  at  top  annexed  to  the  letter  L ;  then  in  one  of  the  columns 
figned  with  the  figures  o,  i,  2,  3,  4,  5,  6,  7,  8,  9,  find  a  number  the 
neareft  to  the  given  Logarithm  ;  againft  this  number  in  the  column 
figned  N°,  ftand  three  figures ;  to  the  right  of  thefe  annex  the  figure 
with  which  the  column  was  figned  at  top  or  bottom,  and  this  will  Be 
the  number  correfponding  to  the  given  Logarithm,  not  regarding  the 
Index. 

82.  All  numbers  confifting  of  the  fame  figures,  whether  they  be  Inte- 
gral, fradlional,  or  mixed,  have  the  fraiflional  parts  of  their  Logarithms 
the  fame. 

If  the  following  examples  be  well  attended  to,  there  will  be  no  difficulty 
in  finding  the  Logarithm  to  a  propofed  number,  or  the  number  to  a  pro- 
pofed  Logarithm,  within  the  limits  of  the  table  of  Logarithms  here  ufed. 


Num. 

Logarithms. 

Logarithms. 

Numbers. 

5^7^ 

3,76893 

0,37295 

2,360 

587.4 

2,76893 

1,28631 

19.33 

58,74 

1,76^93 

2,51947 

330.7 

5,874 

*  0,76893 

1.75062 

5632, 

0,5874 

j^,  7  689  3 

1''8397 

0, 001527 

0,05874 

2,76893 

2,43020 

0,02693 

0,005874 

3.76893 

1,85962 

0.7238 

S3.  A  general  rule  to  find  the  Index  to  the  Log.  of  a  given  number. 
■  T'o  the  left  of  the  Logarithm^  lutite  that  figure  (or  figures)  which  ex~ 
prejfes  the  diflance  from  unity^  of  the  highe/l-place  digit  ifi  the  given  num- 
4*r,-  reckoning  li.e  unit's  pLce  0,  the  next  place  I,  the  next  place  2,  the  next 
place  3,  &c. 

When  there  are  integers  in  the  given  number,  the  Index  is  always 
affirmative  ;  but  when  there  are  no  integers,  the  Index  is  negative,  and  is 
to  bemarked  by  a  little  line  drav/n  above  it :   thus  T. 

Thus  a  number  having  I  .2.3.4.5  l^c.  integer  places. 

The  index  of  its  Logaritlim  is  o  .  i  .  2  .  3  .  4  .  iffc. 

And  a  fraction  having  a  digit  in  the  place  of  Primes,  Seconds,  Thirds, 
Fourths,  ^'c. 

Then  the  Index  of  its  Logarithms  will  be  1   .2,3.4  is'c 

By  the  above  rule,  i)^c  place  of  the  fractional  comma,  or  mark  of 
<3iftin(5tion,  in  the  number  anfwcring  to  a  given  Logarithm,  will  be 
always  known. 

84.  The  more  places  the  Logarithms  confift  of,  the  more  accurate,  in 
general,  will  be  the  refult  of  any  operation  performed  with  them  :  But 
for  the  purpofes  of  NavIgatio.n,  as  five  places,  exclufive  of  the  Index,  are 
fufficient,  therefore  the  logarithmic  tables  in  this  treatife  are  not  extended 
any  farther. 

I    '  85.  MUL- 
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85.    MULTIPLICATION    BY    LOGARITHMS; 

Ory  1'wo  or  more  numbers  being  given,  to  find  their  ProduSf  by 
Logarithms. 

Rule.  Add  together  the  Logarithms  of  the  Fadlors,  and  the  fum  is  a 
Logarithm,  the  correfponding  number  of  which  is  the  Produft  required. 

Obferving  to  add  what  is  carried  from  the  Logarithm  to  the  fum  of  the 
affirmative  Indices. 

And  that  the  difference  between  the  affirmative  and  negative  Indices 
are  to  be  taken  for  the  Index  to  the  Logarithm  of  the  Produ6l. 


Ex.  1.  Multiply  86,25  h  ^A^- 

86,25  its  Log.  is     1,9^576 
6,48  its  Log.  is     0,81157 


Produft  558,9 


2-74733 


Ex.  III.  Multiply  3,768  by  2,053 
and  by  0,007693. 

:?,768  its  Log.  is     0,5761 1 
2,053  0,31259 

0,007693  3,88610 


Produfl  0,0595  I  2,77460 

The  I  carried  from  the  left  hand 
column  of  the  Logs,  bein";  affirm- 
ative,  reduces  3  to  2. 


Ex.  n.  Midtiply  46,75  by  0,3275. 

46,75  its  Log.  is       7,00978 

0,3275  its  Log.  is  1,51521 


Produdl  15,31 


1,18499 


Ex.  IV.  Multiply  27,63  by  1,859 
and  by  0,7258  and  by  0,03591. 

27,63  its  Log.  is     1,44138 
1,859  0^6928 

0,7258  1,86082 

0,03591  2,5  ^'?2' 

Prododl  1,339  0,12669 

Here  2  being  carried  to  the  In* 
dex  I,  makes  3 ;  which  takes  off 
the  7  and  ~l. 


^6.         DIVISION   BY   LOGARITHMS. 

Or,  Two  numbers  being  given,  to  find  hozv  often  the  one  will 
contain  the  other,  by  Logarithms. 

Rule.  From  the  Log.  of  the  Dividend,  fubtraft  the  Log.  of  the  Divifor  ; 
then  the  number  agreeing  to  the  Remainder,  will  be  the  Quotient  required. 

But  obferve  to  change  the  Index  of  the  Divifor  from  negative  to  affir- 
mative, or  from  affirmative  to  negative  :  And  then  let  the  difference  of  the 
affirm,  and  neg.  Indices  be  taken  for  the  Index  to  the  Log.  of  the  Quotient. 

When  an  unit  is  borrowed  in  the  left-hand  place  of  the  Logarithm,  add 
it  to  the  Index  of  the  Divifor,  if  affirmative  ;  but  fubtrafl  it  if  negative  j 
and  let  the  Index  arifmg  be  changed  and  worked  with  as  before. 


Ex.  I,   Divide  558,9  by  6,48, 

Log.  ofDivid.    558,9  is  2.74733 

Log.  of  Divifor  6,48    is  0,81157 


The  Quotient  is  86,2: 


'.93576 


Ex.III.Z)mV^o,o595i/;;'0,oo7693, 
Log.  ofDivid.    0,05951     is  2,77459 


Ex.  II.  Divide  15,31  by  46,75. 

Log.  of  Divid.    15,31  is  1,18497 

Log.  of  Divifor  46,75  is  1,66978 


The  Quotient  is  0,3275 


'.51519 


Ex.  IV.  Divide  0,6651  by  22,5, 
Log.  ofDivid.    0,6651  is        i,8z2S 


Log.  of  Divifor  0,007653  is  7,88610  l^^og- of  Divilor  22,5       is  1,35218 

.     . 1  "'^: ■ 

The  Quotient  is  7,735            0,88849  1  The  Qnotient  is  0,02956  2,47071 
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87. 


OF     PROPORTION. 


ifl  State  the  terms  of  the  queftion  (by  46)  and  let  them  be  writtea 
qrckfiy  under  one  another,  prefixing  to  the  firft  term  the  word  Jsy  to  the 
fCf::o.-u  i'j,  to  the  third  So^  and  under  them  fet  the  wor<l  To. 

2d.  Againft  the  firft  term,  write  the  arithmetical  complement  of  its 
Logarithm.   See  Art.  88. 

3J.  Againft  the  fecond  and  third  terms,  write  their  Logarithms. 

4.th,  The  fum  of  thofe  three  Logarithms,  abating  10  in  the  Index,  will 
b;,  i.'.e  Logarithm  of  the  4th  term  ;  which  fought  in  the  tables,  the  num- 
ber anfwcring  to  it  is  the  anfwer  or  term  fought. 

88.  The  arithmetical  complement  of  a  Logarithm  is  thus  found.  Be- 
ginning at  the  Index,  write  down  what  each  figure  wants  of  9,  except  the 
laft,  or  right-hand  figure,  which  take  from  10. 

But  if  the  Index  is  negative,  add  it  to  9  j  and  proceed  with  the  reft  as 
before. 


Ex.  I.  Find  a  fourth  proportional 
number  io  98,45  and  1,969  ««^ 34.7,2 
As  93,45  its  *  Ar.  Co.  Log.  8,00678 


To  1,969 
So  34.7,2 

To  6,944. 


0,29425 
2,54058 


0,84161 


Ex.  III.    What  will  a  gunner's 
pay  amount  to  in  a  year  at  2/^.  lis. 
(3d.  a  month  of  28  days  ? 
As  28  days  its  Ar.  Co.  Log.  8,55284 


To  56c  days  2,5622 

60   z£,  \zs.  6d.z=.z,62^£,.  0,4191 


To  34^;.  4/.  5^.=34,22^.   1,53^26 


Ex.  II.  Find  a  third  proportional 
number  to  9,642  and  4,821. 
As   9,642  its  Ar.  Co.  Log.    9,01583 
To  4,821  0,6^314 

So    4,821  0,68314 


To 


2,411 


0,38211 


Ex.  IV.   If  i  of  a  yard  of  cloth 
co/l  ^(  of  a  guinea :  Hotv  many  ells 
EngUjh  for  2£-  10 s.  F 
Ai  f  Guin.m4j:.  Ar.  Co.  8,85387 
To  3;^'  10/. =70/.  2,84510 

So  I  eli        =0,6  i>778i5 


To  3  ells 


0,47712 


Ex.  V.  What  number  ivill  have  Ex.  VI.  How  many  yards  of  Jhal- 
the  fame  proportion  to  0,^538  as  '  Icon  of  |  ell  tvide  will  be  enough  ta 
^,3275  has  to  0,0131  F  \iine  a  coat  containing  3^  ells  of  i\ 

\  yards  wide  P 
As  0,0131  its  Ar.  Co.  Log.  xuZ^^zji  \  As   -|    x|  yd.  w. =0,9375    10,02803 
To  0,3275  j_,^i52iiTo  il-        yd.  \v.r:i,75         o»243o4 

So  0,8538  1, 93 '36    So   2,\^\  yd.  1.^:4.375       0.64098 


*To  21,35 


1,32930   To  S-^  yd.  long=:8,i67  0,91205 

j  where  w.  (lands  for  wide,  1.  for  long. 


*  At,  Qo,  Log.  .la.nd:  iot  t':c  Arithmetical  Complement  of  the  (jogarilbm. 
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OF    POWERS    AND    THEIR    ROOTS, 


89.  J  number  being  given ,  to  find  any  propojed  power  of  that 
Number. 

Rule   ift.  Seek  the  Logarithm  of  the  given  number. 

jtd.  Multiply  this  Logarithm  by  the  Index  of  the  propofed  power. 

3d.  Find  the  number  correfponding  to  the  Produdt,  and  it  will  be  the 
power  required. 

90.  In  multiplying  a  Logarithm  havinga  negative  Index,  theProdud 
of  that  Index  is  negative. 

But  the  carriage  from  the  Logarithm  is  affirmative^ 

Therefore  the  difference  will  be  the  Index  of  the  Produdl. 

And  is  to  be  of  the  fame  kind  with  the  greater,  or  that  which  was 
made  the  minuena. 


,^ 


Ex.  I.  TVhat  is  the  fecond  power 
of  the  number  3,874/* 
To  3,874  its  Log.  is  0,58816 

The  Index  is  2 


The  power  fought  is  15,01      1,17632 


Ex.  III.  What  is  the  12th  power 
tf  the  number  1,539  ? 

1,539  its  Log.  is    0;i8724 
The  Index  is  12 


The  power  fought  is  176.6      2,24688 


Ex.  II.    What  is  the  ^d  power  of 
the  number  2,768  P 

The  N"  2,768  its  Log,  is       0,44.217 
The  Index  is  3 

The  power  fought  Is  21,21      1,32651 


Ex.  IV.  What  is  the  ^b^th power 
of  the  number  2  ? 

2  Its  Log.  is  0,30103 

The  Index  is  365 


150515 
180618 
90309 


In  the  IVth  Ex.  the  Index  of  the  Produft  being  109,  fhew« 
that  the  required  power  will  confiit -of  no  integer  places  ;  of 
which  no  more  than  4  places  are  found  iji  thefe  tables  ;  there-   *09'S7?95 
fore  the  number  fought  may  be  thus  expreflcd,  7515  [l°IJ  -       ' 
That  is,  7515  with  106  cyphers  annexed. 


Ex.  V.  JFhat  is  the  id  power  of 
the  number  0,2^57  ^ 
To  0,2857,  its  Log.  is  1,45591 

The  Index  of  2d  power  2 


The  power  0,08163 


2,91 182 


Here,  there  being  no  carriage 
fioin  the  Product  of  the  Log.  the 
whole  Product  of  the  negative  In- 
dex is  negative,  vix.  7. 


Ex.  VI.  Tn)at  is  the  ^d power  of 

the  number  0,7916 .? 

To  0,7916,  its  Log.  is 
The  Index  of  3d  power 


The  power  is  0,4961 


1,89851 
3 

'i"»69553 


Here  the  carriage  from  the  Pro- 
dudl  of  the  Log.  is  2 ;  then  the 
Produdt  of  the  negative  Index  7, 
viz.  7>  being  leflened  by  2,  leaves 
T,  the  Index  of  the  Product. 


91.  A 
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51 .     ji  number  being  given,  to  find  any  propofed  Root  of  it. 

Rule  ift.  Seek  the  Logarithm  of  the  given  number. 

2d.  Divide  this  Logarithm  by  the  denominator  of  the  Index  of  the 
propofed  root. 

3d.  The  number  correfponding  to  the  Quotient  will  be  the  root. 

When  the  Index  to  the  Logarithm  to  be  divided  is  negative,  and  Icfs 
than  the  Divifor,  or  Denominator  of  the  root.     Then 

Increafe  the  negative  Index  by  as  many  units,  borrowed,  as  fliall  be 
equal  to  the  Divifor,  and  the  Quotient  will  give  7  for  the  Index. 

Carry  the  units  borrowed  as  tens  to  the  left-hand  place  of  the  Loga- 
rithm, and  then  divide  that  Logarithm  as  in  whole  numbers. 


Ex.  I.  What  /r  the  Square  Root  af 
the  number  1501  .^ 


2)3.17638 


Root  fought  is  38,74 


1,58819 


Ex.   III.    JVhat  is  the  Root,  of 
which  176,6  is  the  12th  power? 

12)2,24699 


Ex.  II.  What  if  the  Cuhe  Root  of 
the  number  2121  ? 


Root  fought  12,35 


3)3.32654 
1,10885 


Root  fought  is  1,539 


0,18725 


Ex.  V.   What  is  the  Square  Root 
of  the  number  0,08162.^ 

Log.  of •0,08 162,  div.  by  2)2,91180 

Gives  Root  0,2857  to  1,45590 


Here  the  Divifor  2  can  be  taken 
in  the  Index  s,  and  gives  for  the 
Quotient  T. 


Ex.   IV.    What  is  the  Root,  of 
which  2  is  the  365/^  power  ? 

365)0,30103 
Root  fought  is  1,002  0,00082 


Ex.  Vr.  What  is  the  Cube  Root 
of  the  nu7nber  0,496  ? 

Log.  of  0,496  div.  by       3)1,69548 

Gives  Root  0,7916  to  1,89849 

Here  the  Divifor  3  cannot  be 
taken  in  the  Index  7 ;  then  T  bor- 
rowed makes  wfth  1,  35  in  which 
the  Divifor  3  will  go  7 :  the  2  bor- 
rowed carried  to  the  6,  b'r.  makes 
269548,  which  divided  by  3,  gives 
89849. 


END    OF    BOOK    I. 
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B  O  O  K     II. 

OF    GEOMETRY. 

SECTION    I. 

Deji7titio7is  and    Principles. 

i.y^EOMETRY  is  a  fcience   which    treats   of  the  defcriptions, 
yjf   properties  and  relations  of  magnitudes  in  general  :    Or  of  fuch 
things  where  length,  or  where  length  and  breadth,  or  length,  breadth,  and 
thicknefs,  are  confidered. 

2.  A  Point  is  that  which  is  without  parts  or  dimenfions. 

3.  A  Line  is  length  without  breadth  :    It  is  called  a     ^  B 

Right  Linte  when  it  is  the  fhortefl  diftance  between 

two  points,  as  ab  :    Or  a  Curved  Line  when  it  is 
not  the  fhortefl:  diftance,  as  cd. 

A  line  is  ufually  denoted  by  two  letters^  viz.  one  at  each 
endy  as  A B  or  CD. 

4.  A  Superficies  or  Surface  is  that  magnitude 
which  has  only  length  and  breadth,  and  is  bounded  by 
lines  :   as  FG. 

5.  A  Solid  is  that  magnitude  which  has  length, 
brcad:h  and  thicknefs. 

6.  A  Figure  is  a  bounded  fpace,  the  limits  or  bounds 
of  which  may  be  cither  lines  or  furfaces. 

7.  A  Planf,  or  a  Plane  Figure,  is  a  fupcrficies 
v/hich  lies  evenly,  or  perfedly  flat,  between  its  limits, 
and  may  be  bounded  by  one  curve  line  ;  but  not  with 
Icfs  than  three  right  lines,  as  a,  c,  c,  d,  or  £,  ^V. 
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'  8.  A  Circle  is  a  plain  figure,  bounded  by  an  uni- 
formly curved  line,  called  the  Circumference,  as  abd, 
which  is  every  where  equally  diftant  from  one  point,  as  c 
within  the  figure  called  the  Center. 

9.  A  Radius  is  a  right  line  drawn  from  the  center 
to  the  circumference  as  ca,  cd  or  CE. 

All  the  radii  of  the  fame  circle  are  equal, 

10.  An  Arc  is  any  part  of  the  circumference. 
At  the  arc  ab,  or  the  arc  ad. 

11.  A  Chord  is  a  right  line  joining  the  ends  of  an  arc,  as  ab,  and 
is  faid  to  fubtend  that  arc ;  it  divides  the  circle  into  two  parts,  called 
Segments. 

12.  ADiAMETTRisa  chord  pafling  through  the  center,  as  de,  and 
divides  the  circle  into  two  equal  parts,  called  Semicircles. 

13.  The  Circumference  of  every  circle  is  fuppofed  to  be  divided 
into  360  equal  parts,  called  Degrees  ;  each  degree  into  60  equal  parts, 
called  Minutes  j  each  minute  into  60  equal  parts,  called  Seconds,  ^c. 

14.  A  Plane  Angle,  is  the  inclination  of  two  lines 
on  the  fame  plane  meeting  in  a  point,  as  acb. 

A  right  lined  angle  is  formed  by  two  right  4ines.    ^ 
The  point  where  the  lines  meet  is  called  the  angular 
point y  as  c.  \A. 

The  lines  which  form  the  angle  are  called  legs, 

Thus  CA  and  CB  are  the  legs  of  the  angle  acb. 


An  Angle  is  ufually  marked  hy  three  letters^  viz.  one  at 
the  angular  pointy  and  one  at  the  other  end  of  each  leg ;  but 
that  at  the  angular  point  is  always  to  be  read  the  middle 
letter y  as  acb,  or  bca. 

15.  The  raeafure  of  a  right  lined  angle  is  an  arc, 
as  BA  contained  between  the  legs  cb,  ca,  including 
the  angle,  the  angular  point  c  being  the  center  of  that 
arc. 

16.  A  Right  Angle  is  that,  the  meafure  of  which 
is  a  fou;th  part  of  the  circumference  of  a  circle,  or 
ninety  degrees.     Ihus  the  angle  acb  is  a  right  angle, 

i-j.  A  Perpendicular  is  that  right  line  which 
cuts  another  at  right  angles  ;  or  which  makes  equal 
angles  on  both  fides.  Thus  dc  is  perpendicular  to  ab, 
when  the  angle:  DC  A  and  DCD  are  equal-^  or  are  right 
angles. 

18.  An  Acute  Angle,  as  acb,  is  that  which  is  lefs 
than  a  right  angle  dcb. 

19.  An  Obtuse  Angle,  as 
greater  than  a  riphr  an'Z'ie  kfg. 


D 


^A. 


EEC,  is  that  which  is 


Acute  and  obtufe  angles  are  called  Oblique  Angles. 
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20.  Parallel  Lines,  are  right  lines  in  the  fame 
plane,  which  do  not  incline  to  one  another,  as  ab, 

CD. 

21.  A  Triangle  is  a  plane  figure  bounded  by 
three  lines. 

22.  An  Equilateral  Triangle  is  that  in 
which  the  three  lines,  or  fides,  are  equal,  as  a. 

23.  An  Isosceles  Triangle  is  that  which  has 
only  two  equal  fidgs,  as  b  or  c. 

24.  A  Right  angled  Triangle,  as  aSc,  is  that 
which  has  one  right  angle  b. 

25.  An  Obtuse  angled  Triangle,  as  def,  has 
one  obtufe  angle  e. 

26.  An  Acute  angled  Triangle,  as  g,  has  all 
ifs  angles  acute. 

27.  A  Quadrangle,  or  Quadrilateral,  is  a 
plane  figure  bounded  by  four  right  lines,  or  fides. 

A  ^adrangle  is  ufually  exprejfed  by  letters  at  the  op" 
pojite  angles. 

28.  A  Parallelogram  is  a  quadrangle  the  op- 
pofite  fides  of  which  are  parallel  and  equal,  as  p. 

29.  A  Rectangle  is  a  parallelogram  with  right 
angles  :  and  in  which  the  length  is  greater  than  its 
breadth,  as  r. 

30.  A  Square  is  a  parallelogram  having  four 
equal  fides  and  right  angles,  as  s. 

31.  A  Trapezium  is  a  quadrangle  the  oppofite 
fides  of  which  are  not  parallel,  as  t. 

32.  The  Diagonal  of  a  quadrangle,  is  a  line,  as 
AB,  drawn  from  one  angle,  to  its  oppofite  angle. 

33.  The  Base  of  a  figure,  is  the  line  it  is  fup- 
pofed  to  ftand  on. 

34.  The  Altitude  or  Height  of  a  figure,  is  the 
perpendicular  diftance  ab,  between  the  bafe  and  the 
vertex,  or  part  molt  remote  from  the  bafe. 

35.  Congruous  Figures,  are  thofe  which  agree, 
or  correfpond,  with  one  another,  in  every  refpedl. 

36.  A  Tangent  to  a  circle  is  a  right  line,  as  ab, 
touching  its  circumference,  but  not  cutting  ;  and  the 
point  c,  where  it  touches,  is  called  the  point  of 
ionta^t 
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37.  An  Angle,    bXc,   />/  a  Se^pient^  cadb,  js,  \ 
when  the  angular  point  is  in  the  circiim'fercnce  of  the  Ti/'^^/\\ 
fegmcnt,  and  the  legs  including  the  angle  pafs  through  /    /   \\ 
the  ends  B  and  c,  of  the  .chord  of  the  fegm^nt.  1/         \) 

■    Such  an  angle  is  Jaid  to  be  in  a  tircurnference ;  andtv      &\" 'yc 

fland  on  the  arcy  BC,.  inclt/tded  between  the  legs,  ab  and  -^ 

AC,  of  the  angle*      -        •  :..-:j--\. 

38.  Right  lined  figures,  having  more  than  four  fides,  are  called  Poly- 
gons J  and  have  their  names  from  the  number  of  their  angks,  or  fides  ;  as 
thofe  of  five  fides  are  called  Pentagons;  of  fix  fides,  Hexagons  j  of  feven 
fides.  Heptagons  ;  of  eight  fides,  Oftagonsj  ^c.  ' 

39.  A  regular  Polygon  is  a  figure  with  equal  fideSj  and  equal. angles. 

40.  A  figure  is  faid  to  be  infcribed  in  a  circle,  when  all  the  angles  Of 
that  figure  are  in  the  circumference  of  the  circle. 

41.  A  figure  is  faid  to  circumfcribe  a  circle,  when  every  fide  of  the 
figure  is  touched  by  the  circumference  of  the  circle.  .  ;     ,» 

42.  A  Propofition  is  fomething  propofed  to  be  confidered ;  and  requires 
either  afolution  or  anlwer,  or  that  fomething  be  made  out,  or  proved. 

•      ■  '     -  '  ■  '  ■■'■.(. 

A  Problem  is  a  praftical  propofition,  in  which  fomething  Is  propofed 

to  be  done,  or  efFe<Sted. 

A  Theorem  is  a  fpeculativc  propofition,  or  rule,  in  which  fomething  is 
afiirmed  to  be  true.    ^  . 

A  Corollary  is  fome  conclufion  gained  from  a  preceding  propofition. 

A  Scholium  is  a  remark  on  fome  propofition  j  or  an  exemplification  of 
the  matter  which  it  contains. 

An  Axiom  is  a  felf-evident  truth,  or  principle,  that  every  one  aflents  to 
upon  hearing  it  propofed. 

A  Poftulate  is  a  principle,  or  condition,,  requefted ;  the  fimplicity  or 
fcafonablenefs  of  which  cannot  be  denied. 

In  Mathematics,  the  following  Poftulatcs  and  Axioms,  are  fome  of  the 
principal  ones  that  are  generally  taken  for  granted. 

When  a  propofition,  from  fuppofed  premifes,  aflerts  fuch  and  fuch  con- 
fequences  ;  and  fubjoins,  And  the  cofitrary  :  it  is  to  be  underftood,  that 
if  the  confequences  be  aflumed  as  premilcsj  then  what  were  firft  taken  as 
premifes,  would  become  confequences. 

Thus,  in  Article  95,  it  is  premifed,  that  if  two  parallel  right  lines  are 
cut  by  another  right  line,  there  refults  this  coniequence  ;  The  alternate 
angles  are  equal.  And  the  contrary  means  ;  that  tvhere  equal  alternate 
angles  are  made  by  a  right  line  cutting  two  other  right  lines ;  the  right  lines 
fo  cuty  are  parallel  lines. 

Poftulatcs, 
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.  Poftulates. 

43.  I.  That  a  right  line  may  be  drawn  from  any  given  point  to  an- 
other given  point.  -»• 

44.  II.  That  a  given  right  line  may  be  continued,  or  lengthened  at 
pleafurc. 

45.  III.  That  from  a  given  point,  and  with  any  radius,  a  circle  may  be 
dcfcribed. 

Axioms. 

46.  I.  Things  equal  to  the  fame  thing,  are  equal  to  one  another. 

47.  II.  If  equal  things  are  added  to  equal  things,  the  fums  or  wholes 
will  be  equal.     But  if  unequals  be  added,  the  fums  are  unequal. 

48.  III.  If  equal  things  are  faken  from  equal  things,  the  remainders, 
or  differences,  are  equal :  but  are  unequal,  when  unequals  are  taken. 

49.  IV.  Things  are  equal  which  are  double,  triple,  quadruple,  &c.  or 
half,  third  part,  &c.  of  one  and  the  fame  thing,  or  of  equal  things. 

5c.  V.  Things  which  have  equal  meafures,  are  equal.  And  the  con- 
trary. 

51.  VI.   Equal  circles  have  equal  radii. 

52.  V^II.  Equal  arcs  in  equal  circles  have  equal  chords,  and  are  the 
meafures  of  equal  angles.     And  the  contrary. 

53.  VIII.  Parallel  right  lines  have  each  the  fame  inclination  to  a  right 
line  cutting  them. 

In  what  follows,  it  is  to  be  underftood,  that  right  lines  [viz.  firaight 
liiies)  are  drawn  by  the  edge  of  a  ftraight  ruler:  circles  or  arcs,  are  defcribed 
with  one  foot  of  a  pair  of  compafles,  the  other  foot  refting  on  the  point 
which  is  taken  for  the  center  j  and  the  diflance  of  the  feet,  or  points,  of 
the  compafles  is  taken  as  the  radius:  alfo,  that  the  point  marked  out  by  a 
letter  is  to  be  underflood,  when  the  reference  is  made  to  that  letter. 

54.  It  is  alfo  taken  for  granted,  that  a  line  or  diflance  can  be  taken  be- 
tween the  compafles,  and  may  be  transferred  or  applied  from  one  place  to 
another.  Alfo,  that  one  figure  can  be  applied  to,  or  laid  upon  another, 
or  conceived  to  be  lb  applied. 

In  any  problem,  when  a  line,  angle,  or  figure  is  faid  to  be  given  ;  that 
line,  angle,  or  figure  mufl  be  made,  before  any  part  of  the  operation  is 
performed. 
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SECTION    It. 
'    '  ^^  GeotHetHcal  Problems, 

$$.  P  R  O  B  L  E  M    I. 

To  btfiSfy  or  divide  into  two  equal  parts,  a  given  lirtt  A» 
Operation,    ift.    From  the  ends  a  and  b  *j 

with  one  and  the  fame  radius,  greater  than  half 

AB,  defcribe  arcs  cutting  in  e  and  d.  (45) 

2d»  A  ruler  laid  by  c  and  d,  gives  e,  the  middle 

c^  AB,  as  required » 

The  proof  of  this  operation   depends   on  articles 

lOi,  99. 

56.  P  R  O  B  L  E  M    IL 

To  bifeSf  a  given  right  lined  angle  abc» 

Operation,  ift.  From  b^  defcribe  an  arc  ac. 

2d.  From  a  and  c*,  with  one  and  the  fame  radius^ 
defcribe  arcs  cutting  in  t).  (45) 

3d.  A  right  line  drawn  through  B  and  d  will  divide 
the  angle  into  two  equal  parts,  as  required* 

The  proof  depends  on  article  lOi. 
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PROBLEM    Hi. 


From  a  given  point  By  in  a  given  right  line  af,  to  draw  a  right  line  per- 
pendicular to  the  given  line. 

Case  I.     TVhen  b  is  near  the  middle  of  the  line» 

Operation,  ift.  On  each  fide  of  b,  take  the 
equal  diftances  bc,  and  be.  (54) 

ad.  On  c  and  E  *  defcribe,  with  one  radius, 
arcs  cutting  in  d.  (45) 

3d.  A  right  line  drawn  through  b  and  d  will  be 
tbeperpendicular  required.  (43)  ^ 

'^e  proof  depends  on  article  103*  a  I 


58.         Case  II.     fFhen  b  is  at,  or  near  the  end  of  the  given  ilnin 

Operation,  ift.  On  any  convenient  point  c, 
taken  at  pleafure,  with  the  diftance,  or  radius  cb, 
defcribe  an  arc  dbe,  cutting  af  in  d,  b.  (45) 

id.  A  ruler  laid  by  d  and  c  will  sut  this  arc  in  E. 

3d.  A  right  line  drawn  through  b  and  e  will 
be  the  perpendicular  required. 

This  depends  on  article  130. 


rt 


^A 


D 


A 


*  That  is,  firft  defcribe  an  arc  from  one  point ;  then  defcribe  an  arc  from 
the  Other  point  with  the  fame  opening  of  the  compafTea. 
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PROBLEM    IV. 


To  draw  a  line  perpendicular  to  a  given  right  line  ab,  from  a  point  C 
without  that  line. 

Case  I.  TVhen  the  point  c  is  nearly  oppojite  to  the 
middle  of  the  given  line. 

Operation,  ift.  On  c,  with  one  radius,  cut 
AB  in  D  and  e.  (45) 

2d.  On  D  and  e,  with  one  radius,  defcribe  arcs 
cutting  in  F.  (45) 

A  ruler  laid  by  c  and  f  gives  g  ;  then  draw  cc, 
and  that  will  be  the  perpendicular  required. 

This  depends  on  articles  10 1,  99. 
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60.  Case  II.  When  c  is  nearly  oppofite  to  one  end  of  the  given  line  A^m 

Operation,  ift.  To  any  point  d  in  ab,  draw 
the  line  cd.  (43) 

2d.   BifetSl  the  line  CD  in  E.  (55) 

3d.  On  E,  with  the  radius  EC,  cut  ab  in  g. 
Then  cg  being  drawn,  will  be  the  perpendicular 
required. 

This  depends  on  article  1 30 . 
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61. 


PROBLEM    V. 


To  trife^,  or  divide  into  three  equal parts^  a  right  angle  ABC. 


Operation,  ift.  From  b,  with  any  radius  ba, 
defcribe  the  arc  ac,  cutting  the  legs  ba,  bc,  in  a,  c. 

2d.  From  A,  with  the  radius  ab,  cut  the  arc  ac  in 
e,  and  from  c,  with  the  fame  radius,  cut  ac  in  d. 

3d.  Draw  BE,  BD,  and  the  angle  abc  will  be 
divided  into  three  equal  parts. 

This  depends  on  article  193. 


62. 


PROBLEM    VI. 


At  a  given  point  D,   to  make  a  right  lined  angle  equal  U)  a  given  right 
lined  angle  abc. 

Operation,  ift.  From  d  and  b,  with  one  ra- 
dius defcribe  the  arcs  kf,  and  ac,  cutting  the  legs 
of  the  given  angle  in  the  points  a,  c, 

2d.  Transfer  the  diflancc  A  c  to  the  arc  e  f, 
from  F  to  E.  fr.\ 

3d.  Lines  drawn  from  d,  through  e  and  f,  will 
form  the  angle  kdf  equal  to  the  angle  abc 

This  dept-nds  en  article  loi. 
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63.  problem:  vii. 

To  draw  a  lint  paralkl  to  a  •^ivtn  right  line  ab. 
Case  I.  JVhen  the  parallel  line  is  to  pafs  through  a  given  point. 
Operation,  ift.  From  c,  with  aiiy  convenient 
radius,  defcribe  an  arc  df,  cutting  ab  in  d. 

2d.  Apply  the  radius  cd  from  d  to  e;  and  from 
E,  with  the  fame  radius,  cut  the  arc  df  in  f. 

3d.  A  line  drawn  through  f  and  c  will  be  pa- 
rallel to  ab. 

Tins  depends  on  article  lOi,  95. 

■64.  Case  II.  IVJyen  the  parallel  line  is  to  be  at  the  given  dijlanu  c  fi 

Operation,  ift.  From  the  points  a  and  n, 
with  the  radius  c,  defcribe  arcs  d  and  e. 

ad.  Lay  a  ruler  to  touch  the  arcs  d  and  e,  and  a 
line  drawn  in  that  pofition  is  the  parallel  required. 

This  operation  is  mechanical. 

65.  PROBLEM    VIII. 

Upon  a  given  Une  ab,  to  make  an  equilateral  triangle. 
Operation,  ift.  From  the  points  a  and  b,, 
with  the  radius  ab,  defcribe  arcs  cutting  in  c. 

2d.  Draw  ca,  cb,  and  the  hgiire  abc  is  the 
triangle  required.  (430  ' 

The  truth  of  this  operation  is  evident  j  for  the 
fides  are  radii  of  equal  circles. 


66.  "By  a  like  operation,  an  Ifofceles  triangle 
DEF  may  be  conflruded  on  a  given  bafe  de,  with 
the  given  equal  legs  DF,  EF,  either  greater,  or  lefs, 
than  the  bafe  de. 
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67.  PROBLEM    IX. 

To  7rake  a  right  lined  triangle^  the  fides  ofzuhich  Jlmll  he  refpecfively  equals 
e\0:ir  t- thofe  of  a  given  triangle  A^c^  or  to  three  given  lines,  provided  any 
/Wi  '/  tl'em  taketi  together  are  greater  than  the  third. 

v'pi-k.\TiON.      ift.  Draw  a  line  de  equal  to  the 
iincAK^  _  _  (54) 

.  j?u    '  ';i  1^.   with  a  radius  equal  to  AC,  defcribe 

Ti  p.,  w.th  a  radius  equal  to  BC,   defcribe 
"  ^:;  the  former  arc  in  F.        (45) 

nd  the  triangle  dfe  will  be 
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Upon  a  given  line  ab,  to  defcrihe  a  f quart. 

Operation,  ift.  Draw  bc  perpendicular,  and     ^^ 
equal  to  ab.  (58)  p 

2d.  On  A  and  c,  with  the  radius  ab,  defcribe 
arcs  cutting  in  d.  (45) 

3d.  Draw  DC,  da  ;  and  the  figure  abcd  is  the 
fquare  required. 

7his  depends  on  articles  lOl,  104,  95,  30. 

69.  P  R  O  B  L  E  iVI    Xr. 

To  defcribe  a  re£i angle  tuhofe  length  Jhall  be  equal  to 
a  given  line  EF,  and  breadth  equal  to  another  given 
line  G. 

Operation,  ift.  At  e  and  f  ere£t  two  perpendi- 
culars, EH  and  Fi,  each  equal  to  the  given  line  g. 

2d.  Draw  HI,  and  the  figure  efih  will  be  the 
reclangle  required. 

This  depends  on  articles  2g,  lOj,  104,  95. 

70.  PROBLEM    XIL 
To  find  the  center  of  a  circle. 

Operation,  ift.  Draw  any  chord  ac. 
2d.  Bife6l  AB  with  the  chord  cd.  (55) 

3d.  Bifc<Sl  CD  with  the  chord  ef,  and  their  in- 
terleclion  G  will  be  the  center  required. 
This  depends  on  article  125. 

71.  P  R  O  B  L  E  M    XIIL 

To  divide  the  circumference  of  a  circle  into  two,  four,    ^'g^-'fj  fixtecn^ 
thirty-twoy  csfc.  equal  parts. 

Operation,  ift.  A  diameter  ab  divides  the 
circle  into  two  equal  parts.  (12) 

2d.  A  diameter  de,  perpendicular  to  ab,  divides 
the  circumference  into  four  equal  parts. 

3d.  On  A,  D^  B,  defcribe  arcs  cutting  \n  a,  b ; 
then  by  the  in'cerfe<ftions  a,  b,  and  the  center,  the 
diameters  fg.  hi,  being  drawn,  divide  the  circum- 
ference into  eight  equal  parts  j  and  fo  on  by  conti- 
dnual  bifeftion 


^iE^ 


i. 

for  at  each  opera  f  ion,  the  intercepted  arcs  are  bifcclc.l,  and  the  parts  dmhlcJ, 
72.  PROBLEM    XIV. 

To  defcribe  a  circle,  the  circwnfcrencc  of  which  fall  pafs  through  three 
i;iven  points  A,  u,  c,  provided  they  d')  net  lie  in  one  rigl't  Hue. 

Operation,  ift.  Bifect  the  dillance  cb  with 
the  line  de.  ■  (55} 

2d.  Bifed  the  diilancc  ab  with  the  line  fg. 

3d.  On  H,  the  iaterfecV.on  of  thcfc  lin;?,  witli 
the  diftance  to  either  of  the  given  points,  dclctibc 
the  circle  required. 

Thii  dipcndi  on  a^tide  125. 
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73.  PROBLEM    XV. 

To  draw  a  tangent  to  a  glvoi  circle^  that  Jhall  pafs  through  a  given  point  A. 

Case!.  If^hen  A  is  in  the  circumference  of  the  circle.     B    ^.      A 

Operation,  ift.  From  the  center  c,  draw  the 
radius  ca.  (43) 

2d.  Through  a  draw  bd  perpendicular  to  ca 
(58),  and  BD  is  the  tangent  required. 

This  depends  on  article  126. 

74.  Case  II.  Jf^yen  the  given  point  a,  is  without  the  given  circle. 

Operation,  ift.  From  the  center  c,  draw  ca, 
which  bifedl  in  b.  (55) 

2d.  On  B,  with  the  radius  ba,  cut  the  given 
circumference  in  d. 

3d.  Through  D,  the  line  ae  being  drawn,  will 
be  the  tangent  required. 

This  depends  on  articles  1 30,  126. 

75.  '       PROBLEM    XVI. 
To  two  given  right  lines  a,  b,  to  find  a  third  proportional. 

Operation,  ift.  Draw  two  right  lines  mak- 
ing any  angle,  and  meeting  in  a. 

2d.  In  thefe  lines,  take  ^Z'zrfirft  term,  and  ac^ 
ady  each  equal  to  the  fecond  term.  « 

3d.  Draw  bd,  and  through  r,  draw  ce  parallel  a 
Jto  bd-y  then  ae  is  the  third  proportional  fought.    B' 

And  ab  :  ac  :  :  ad  :  ae*. 

This  depends  en  article  165. 


B- 
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76.  P  R  O  B  L  E  AI    XVII. 

To  three  given  right  lines  A,  b,  c,  to  find  a  fourth  proportional. 

Operation:,  ift.  Draw  two  right  lines  mak 
ing  any  angle,  and  meeting  in  a, 

2d.   In  thefe  lines  take  ^Z-rrfirft  term,  ac  —  \Q. 
cond  term,  and  <7^=:third  term.  c 

3d.   Draw  bcy  and  parallel  to  it,  through  dy 
draw  de  j  then  ae  is  the  fourth  proportional  re-   -^ 
quired.  q 

And  ah  \  ac  '.  :  ad  :  ae. 

This  depends  on  article  165. 


*  And  is  thus  read  :  ab  Is  to  ac,  as  ad  is  to  ae» 
The  character  ( : )  Handing  for  is  /c,  and  the  charader  ( :  : )  for  as. 
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PROBLEM    XVIII. 

Between  two  given  right  lines  a,  b,  to  find  a  mean  proportional,  - 


b 

A 


Operation,  ift.  Draw  a  right  line,  in  which 
take  ac^=.Ay  abz=.^. 

2.  Bifecl  be  in  F  (55)  j  and  on  F,  with  the  ra- 
dius Fb,  defcribe  a  femicircie  bee. 

3d.  From  a  draw  ae  perpendicular  to  be  (57)  j 
then  ae  is  the  mean  proportional  required. 

And  ac  '.  ae  '.  :  ae  :  ab. 

This  depends  on  article  171. 

78.  PROBLEM     XIX. 

To  divide  a  given  line  bc  in  the  fame  proportion  as  a  given  line  A  is  divided. 

Operation,  ift.  From  one  end  b  of  bc 
draw  BD,  making  any  angle  with  bc. 

2d.  In  BD  apply  from  b  the  feveral  divifions  of 
A 5  fo  BD  will  be  equal  to  A,  and  alike  divided. 

3d.  Draw  CD  ;  then  lines  drawn  parallel  to 
CD  through  the  feveral  divifions  of  bd,  will  di- 
vide the  line  BC  in  the  manner  required. 

This  depends  on  article  165.  • 

79.  PROBLEM    XX. 

To  divide  a  given  right  line  ab  into  a  propofed  number  of  equal  parts 
(fuppofe  -]). 

Operation,  ift.  From  a,  one  end  of  ab, 
draw  AE  to  make  any  angle  with  ab  ;  and  from 
B,  the  other  end,  draw  be,  making  the  angle 
abf  equal  to  the  angle  bae.  (62) 

2d.  In  each  of  the  lines  ae,  bf,  beginning  at 
A  and  B,  take,  of  any  length,  as  many  equal  parts, 
Ic-fsonc,  as  ab  is  to  be  divided  into,  viz.  i,  2,  3, 
4j  5.  6. 

3d.  Lines  drawn  from  i  to  6,  2  to  5,  3  to  4, 
(Sc.  will  divide  ab  as  was  required. 

This  depends  on  article  1 65 . 

80.  Another  Method. 
Operation,   ift.  Through  one  end  a,  draw  a 

line  cc  nearly  perpendicular  to  ab. 

2d.  Draw  ef  parallel  to  ab,  at  any  convenient 
diftance. 

3d.  In  ef  take,  of  any  length,  as  many  equal 
}i2rts  as  ab  is  to  be  divided  into ;  as  I,  2,  3,  4,  5, 
6,  to  F.  i' *  v■'•^>■    *" 

4th.    Through  b  and  f,   where   the   divifions      ,^'^:/^.y"' 
terminate,  draw  bc,  meeting  cc  in  c. 

5th.  Lines  drawn  from  c  through  the  feveral  divifions  of  EF,  will  cut 
ab  into  the  equal  parts  required. 

Note,  U  the  fum  of  the  divifions  from  E  to  F  chance  to  bc  Icfs  than  ab, 
tlic  i>oint  c,  and  the  line  ef,  will  be  on  the  fame  fide  of  AB  ;  but  if  greater, 
c  fulls  on  the  cojitrary  fide. 
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81.  PROBLEM    XXI. 

V  To  make  Scales  of  equal  parts. 

Operation,   ift.  Draw  three  lines,  a,  b,  c,  parallel  to  one  another, 
and  at  con\cnient  diftances,  fuch  as  are  here  exprefl'ed. 
,    2d.  In  the  line  c,  take  the  equal  parts  c/-,  be,  cdy  da^  &c.  each  equal 
to  fome  propofed  length. 

3d.  Through  c,  drawthe  line  de  perpendicular  to  c^;  and  parallel  to 
DE,  through  the  fcveral  points  hi,  c,  d,  <?,  &c.  draw  lines  acrofs  the  three 
parallels  a,  b,  c  ;  then  are  the  fpaccs  or  diftances  ch^  bcy  cd,  &c.  called 
the  prinnarydivifions. 

4th.  Divide  the  left-hAnd  fpace  into  io  equal  parts  (80),  and  through 
thel'e  points  let  lines,  parallel  to-  de,  be  drawn  acrofs  the  parallels  bc  ;  and 
the  primary  divifidn  cb  will  be  parted  into  i  o  equal  (paces,  called  fubdivifions. 

5th.  Number  the  primary  divifions  from  the  left  towards  the  right, 
beginning  at  f,  and  the  fcale  is  conftrudted. 


Such  Scales  are  ufeful  for.conflrucSiing  figures,  the  fides  of  which  are  cx- 
preflcd  in  meafurcs  of  length  ;  as  feet,  yards,  mile?,  isc.  Or  to  find  the 
meafures  of  the  length  of  lines  in  a  given  figure. 

Thus  a  line  of  36,  or  360,  feet,  yards,  bV.  is  taken  by  fetting  one 
point  of  the  compafles  on  the  third  primary  divifion,  and  extending  the 
other  point  to  the  fixth  fubdivifion  :  and  fo  of  others. 

In  thefe  Scales  it  is  ufually  fuppofed,  that  an  inch  is  divided  into  fome 
number  of  fuch  parts,  as  are  exprefied  by  tlie  fubdivifions, 

82.  To  find  the  dlvijions  of  a  Scale  of  equal  pa /'ts^  vjhcn  any  given  nian- 
her  of  thein  are  to  make  an  inch. 

Operation,  ift.  Make  a  Scale  c<j,  where  the  primary  divifions  fhall 
be  each  one  inch;  let  DC  be  at  right  angles  to  C(7,  and  the  left-hand  fpace 
cb  bedi\'ided  into  10  equal  parts,  and  draw  dZ*  from  any  point  d. 

2d.  Draw  DH,  making  v/:th  DC  any  angle  ;  and  make  DitrcZi. 

3d.  Take  the  number  of  parts  propofed  in  an  inch,  from  the  Scale  c^, 
and  apply  them  from  d  to  ;/,  in  the  line  dc,  continued  if  necefi'ary. 

4th.   Draw  /I,  and  CG  paralJc)  to //i;  and  make  rr  — i)G. 

5th.  Through  r  draw  rs  parallel  to  cc,  cutiing  T)b\nt;  then  rt  will  bc 
one  of  the  primary  divifions,  containing  lo  of  the  parts  the  inch  was  to  be 
divided  into. 

6Lh.  Lines  drawn  from  d  to  the  divifions  of  c7',  divide  rt  into  10  equal 
p?.rts. 
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83.  .PROBLEM    XXII. 

To  divide  the  circumference  of  a  circle  into  degrees ;  and  thence  to  make  a 
Scale  of  chords. 

Operation,  ifl.  Defcribe  the  femicircle  abd,  the  center  of  which 
is  c,  and  dniw  CD  at  right  angles  to  ab. 

2d.  Trifedl  the  angles  acd,  dcb,  in  the  points  a^  b ;  c,  d  (61)  :  then 
by  trials,  divide  the  arcs  Aa^  ab,  ^d,  Df,  cd,  dBy  each  into  three  equal 
parts,  and  the  femicircuniference  will  be  divided  into  18  equal  parts,  of 
10  degrees  each. 

3d.  Thefe  arcs  being  bifccled,  will  give  arcs  of  5  degrees. 

4th.  And  thefe  arcs  being  divided  into  5  equal  parts,  by  trials,  \vlll 
give  arcs  of  i  degree  each. 

5th.  The  chords  of  the  arcs  Ad,  ac,  ad,  Ab,  Aa,  and  of  every  other 
arc,  being  applied  from  a  on  the  diameter  ab,  will  divide  ab  into  a  Scale 
of  chords ;  which  are  to  be  numbered  from  a  towards  b. 
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A  Scale  of  chords  is  ufeful  for  conftru(51ing  an  angle  of  a  given  number 
of  degrees  :   And  for  finding  the  meafure  of  a  given  angle, 

84.  PROBLEM    XXIIL 

To  make  an  angle  of  a  propofed  number  of  degreei. 

Opf.r  ation.  ift.  Take  the  firft  60  deg.  from  the 
Scale  of  chords,  and  with  this  radius  defcribe  an  arc 
EC,  the  center  of  which  is  a. 

id.  Take  the  chord  of  the  propofed  number  of  de- 
grees from  the  Scale,  reckonijig  from  its  beginning, 
and  apply  this  diftancc  to  the  arc  Bc,  from  b  to  c. 

3d,  Lines  drawn  from  a,  through  the  points  b  and  c,  will  fqrm  au 
angle  bac,  the  meafure  of  which  is  the  degrees  propofed. 

With  Scales  of  chords  not  exceeding  90  degrees,  fuch  as  are  gene- 
rally put  on  rulers,  angles  greater  than  90  degrees,  fuppofe  of  138 
dcg.  are  to  bc  taken  at  twice,  viz.  69  and  69  [\  of  138),  or  93 
and  48. 

JVhcn  a  given  angle,  bag,  h  to  be  yneafurcd. 

From  the  angular  point  a,  with  the  chord  of  60  degrees,  defcribe  the 
arc  nc,  cutting  the  legs  in  the  points  b  and  c. 

Tlicn  the  (liftancc  rc,  applied  to  the  chords,  from  the  beginning,  will 
flicw  liic  decrees  which  meafure  the  angle  bac. 

L  4     ^  85.  P  R  O  B- 
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85.  PROBLEM    XXIV. 

In  a  given  ctYck  to  infer  the  a  regular  polygon  ^  the  number  of  fides  being  given. 

Operation,  ift.  Divide  360  degrees  by  the 
number  of  fides,  and  the  Quotient  will  be  the  de- 
grees which  meafure  the  angle  at  the  center  of  the 
circle,  fubtended  by  a  fide  of  the  polygon*. 

2d.  Draw  the  radius  c»,  make  an  angle  BCD 
equal  to  tliofe  degrees  (84),  and  draw  the  chord 
DB ;  then  will  DB  be  the  fide  of  the  polygon  re- 
quired;.  which  applied  to  the  circumference  from  b 
to  o,  a  to  by  b  to  Ci  Sec.  will  give  the  points  to  which  the  fides  of  the  po- 
lygon are  to  be  drawn. 

If  the  polygon  has  an  even  number  of  fides,  draw  the  diameter  ab  ; 
and  divide  half  the  circumference,  as  before  ;  then  lines  drawn  from  thefe 
points  through  the  center,  as  ed,  will  give  the  remaining  points,  in  the 
other  femicircumferencc. 


86. 


PROBLEM    XXV. 


On  a  given  right  line  ABy  to  conJlruSl  a  regular  polygon  of  any  affigned 
number  of  fides. 

Operation,  id.  Divide  360  degrees  by  the 
number  of  fides;  fubtracSl  the  Quotient  from  180 
degrees,  the  remainder  will  be  the  degrees  which 
meafure  the  angle  made  by  any  two  adjoining  fides 
of  that  polygon,  and  is  called  the  angle  of  the  poly- 
gon f. 

2d.  At  the  ends  a,  b,  of  the  line  ab,  make  an- 
gles ABC,  bad,  equal  to  the  angle  of  the  polygon. 

3d.   Make  ad,  bc,  each  equal  to  ab. 

4th.  At  the  points  c,  d,  make  angles  equal  to 
that  of  the  polygon  as  before ;  and  let  the  fides  in- 
cluding thofc  angles  be  each  equal  to  ab  ;  and  thus 
proceed  until  the  polygon  is  conftru6led. 

In  figures  of  any  number  of  fides,  the  two  lafl; 
fides  DE,  CE  ;  or  eg,  hg  ;  arc  readieil:  found  by 
defcribing  arcs  from  c  and  D,  or  from  e  and  H,  v/ith 
the  radius  ab,  interfcited  in  e,  or  in  o. 

It!  figures  of  an  even  number  of  fide?,  having  drawn  half  the  number, 
AD,  ab,  bc,  cf,  by  means  of  the  angles ;  the  remaining  fides  may  bc 
found,  by  drawing  through  the  points  d  and  F  the  lines  dk,  fh,  parallel 
and  equal  to  their  oppofite  fides  cf,  ad  ;  and  fo  of  the  reft. 


•  Torthtrg  •zviJI  he  as  many  equal  angles  at  the  center  as  there  are  equal  Jides. 
And  the  ixjhole  cirumference  tneafures  the  Jam  of  all  the  angles  at  the  center. 

•\  For  each  fide  0/  the  polygon  woith  radii  draiun  to  its  ends  form  an  Ifofcelis 
triangle.. 

Tben  the  atigje  of  the  po^gon  is  derived  from  articles  85,  96,  104. 
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87.  PROBLEM    XXVI. 

About  a  given  regular  Polygon^  to  circumfcribe  a  circle :  or  within  thai 
Polygon  to  infcribe  a  circle. 

Operation,  ift-  Bife<El  any  two  angles  fab, 
CBA,  with  the  lines  ag,  bg,  (56)  and  the  point  g, 
w^ere  they  interfedl  one  another,  will  be  the  cen- 
ter of  the  polygon. 

2d.  A  circle  defcribed  from  o,  with  the  radius 
Ga,  will  circumfcribe  the  given  polygon. 

This  depends  on  article  85,  96,  104. 

88.  Again,  ift.   Bife£l  any  two  fides  fe,  ed, 
in  the  points  h  and  i  (55) ;  and  draw  hg,  ig,  at 
right  angles  toFE,  £0(57);  then  the  point  g,  where  they  interfedl 
each  other,  will  be  the  center  of  the  Polygon. 

2d.  A  circle  defcribed  from  g,  with  the  radius  gh,  will  be  infcribed  in 
the  given  Polygon. 

Tnis  depends  on  article  126. 

89.  PROBLEM    XXVIL 

On  a  given  right  line  ab,  ta  defer i be  a  fegment  of  a  circlet  that  Jhall  con- 
tain an  angle  equal  to  a  given  right  lined  angle  c. 

Operation,  ift.  Make  an  angle  baf  equal 
to  the  given  angle  c.  (62) 

2d.  From  H,  the  middle  of  ab,  draw  hi  at  right 
angles  to  ab  (57),  and  from  a  draw  ai  at  right 
angles  to  af  (58),  cutting  hi  in  i. 

3d.  From  I,  with  the  radius  ia,  defcribe  a  circle. 

Then  will  the  fegment  agb  contain  an  angle 
agb  equal  to  the  given  angle  c. 

This  depends  on  articles  125,  126,  132. 

90.  PROBLEM     XXVIIL 

To  divide  a  right  line  in  continued  proportion,  in  the  ratio  of  two  givtn 
right  lines  ab,  ac. 

Operation,  ift.  From  b,  with  the  radius 
ab  (the  antecedent)  defcribe  an  arc  Ac. 

2d.  Ill  that  arc  apply  (the  confequent)  Acfrom 
A  CO  r  ;   draw  Ar,  and  apply  c.\  from  c  to  d. 

3d.  Apply  the  following  lines  in  the  order 
directed,  viz.  ad  from  a  to  d,  and  from  d  to  e  \ 
AE  from  a  to  <?,  and  from  ^  to  F ;  af  from  a  to 
f  and  fromy  to  c  ;  ag  from  a  to  ^,  and  from 
g  to  H,  &c.  Then  will  the  proportional  lines  be 

AB,    AC,    AD,    AE,    af,    AG,    &C.       And 

ab  :  AC  :  :  [aczz)   ac  ;  (a</z=)  ad. 
AB  :  AC  :  :  [Ad—)  ad  :  {Ae-=.)   ae. 
AB  :  AC  :  :  (a^  ==)  ae  :  (a/=)  af. 
Ifc. 

This  depends  en  articles  104,  95,  165, 
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SECTION     III. 

'''•"'  Geometrical   'Theorems*. 

Of  R^tcht  L«*es  and  Planes. 

^i.  THEOREM    I. 

innn  one  right  line  cnjlands  upon  another  r'l^ht 
line  AB,  they  make  twa  angles  hCDy  ACU  which 
together  are  equal  to  two  right  angles,      ,.,  , 

^  .•  ■  "'"         *-" 

Demonstration.     For  defcrlbinga  fernicircle  adb,  on  c.  (45) 

Then  the  arc  db  mcafurfes  the  angle  BCD.  (15) 

And  the  arc  da  mcafurcs  the  angle  acd.  (15) 

But  the  arcs  db  and  ad  together  meafure  two  right  angles.         (13,  i6) 

Therefore  bcd  and  acd  together,  are  equal  to  twO' right  angles        (50) 

92.  Corollary.  Kence  if  any  number  of  right  lines  (;d  ftands  on 

one  point  c,  on  the  fame  fide  of  another  right  line  ab,;  the  fum  of  all  the 

angles  are  equal  to  two  right  angles ;  or  are  meafured  by  180  degrees. 

93.  THEOREM    II. 

If  two  right  lines  AC,  ee  inierfeSf  emh  other  in 
D,  the  oppojite  angles  are  equal ^  viz. 

*   Z.  CDEZrZ-ADE,    and  Z.CDE=:  Z.  ADB. 

fDEM,  For  the  angles  aDe  and  ADB  together  make  two  right  angles.  (91) 
And  the  angles  cdr  and  adb  together  make  two  right  angles.  (91) 

Therefore  the  fum  of  ade  and  ADBzrfum  of  cdb  and  adb.  (46) 

Confequently  the  Z.  cdb  is  equal  to  the  Z.  ade.  (48) 

94.  X  CoROL.  Hence  if  any  number  of  right  lines  crofs  each  other  in 
one  point,  the  fum  of  all  the  angles  which  they  make  about  that  point,  is 
equal  to  four  right  angles  j  or  is  meafured  by  360  degrees, 

95. 


THEOREM    HI. 

If  a  right  line  FE  cut  two  parallel  right  lines  ab, 
CD  ;   then  is  the  outward  angle  a  \\  equal  to  the  inward    ^ 
and  oppoftte  angle  d ;  and  the  alternate  angles  c,  d  are 
equal  :  and  the  contrary.  A. 


rrJ^ 


B 


(53) 

(14) 


Dem.  Becaufe  cd  and  ab  are  parallel  by  fuppofition  : 

Then  FE  has  the  fame  inclination  to  CD  and  ab. 

And  this  inclination  is  expreffed  by  the  4.  a  or  /L  d : 

Therefore  the  outward  /L  a  h  equal  to  the  inward  and  oppofite  /.  d. 

Now  the  Z.  «  is  equal  to  the  Z.  c  /qo) 

And  /ince  the  Z.  «  is  equal  to  the  jL  d; 

Therefore  the  alternate  angles  c  zM  d  are  equal.  (46) 

*   The  mark  Z.  Jiands  for  the  nxord  angle. 

t   V>i.u.  ftands  for  Demonllratiou.  J   Co^ox,.  J^ands  for  Corollary. 

\\  Angles  are/omttimes  marked  by  a  Jingle  letter.  Thus  angle  a  is  uj'edfor  angle  vav). 
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In  any  right  lined  triangle  abc,  the  fum  of  the 
three  angles  a^  b^  c,  Is  equal  to  two  right  angles: 
And  If  one  fide  BC  be  continued,  the  outward  angle  f 
is  equal  to  the  fum  of  the  two  inward  and  oppofite  an- 
gles  a,  h.  

Dem.  Through  a,  draw  a  right  line  parallel  to  bc,  (^63)  making  with 
AB  the  Z.f,  and  with  AC  the  Z-d, 

Now  Z-^rrZ.^;  and  ^</=  A r.  being  alternate.  (95) 

And  two  right  angles  meafure  the  L,e-\-  jLa-\-  JLd.  (92) 

Therefore       Z./5<-}-z.^-f-Z.<:=  Z. -?+/.«+ -<^^-  (47) 

Confequently  z./'4- A^  4- /.ccitwo  right  angles.  (46) 

Moreover        /-c  \~  L.f  =rtwo  right  angles.  (9^) 

Therefore        jLbX-z.a  =:  Z./.  ^        (46) 

97.  Hence,  if  one  angle  is  right  or  obtufe,  each  of  the  other  is  acute. 

98.  If  two  angles  of  one  triangle  are  equal  to  two  angles  of  another 
triangle,  the  remaining  angles  are  equal.  And  if  one  angle  in  one  triangle 
is  equal  to  one  angle  in  another  triangle,  then  is  the  fum  of  the  remaining 
angles  in  one,  equal  to  the  fum  of  the  remaining  angles  in  the  other. 


99. 


THEOREM    V. 


If  two  fides  AB,  AC  and  the  included  angle  A  in 
one  triangle  ABC,  are  refpeSiively  equal  to  two  fides 
DE,  DF  and  the  included  an^le  D  of  another  def,  each 
to  each  ;  then  are  thofe  triangles  congruous. 

A  B     D       ~~  E. 

Dem.  Apply  the  point  d  to  the  point  a,  and  the  line  de  to  ab.        (54) 
Now  as  DEnAB  (by  fuppofition)  ;  therefore  the  point  E  falls  on  B. 
But  z.Dr::Z.A  (by  fup.)  ;  therefore  df  will  fall  on  AC. 
And  fmce  df^tac  (by  fup.)  ;   therefore  the  point  F  falls  on  C. 
Confequcntlv  fe  will  fall  on  CB. 
Therefore  the  triangles  Acn,  dfe,  are  congruous,  fmce  every  part  agrees. 


100. 


THEOREM    VI. 


If  tivo  trio'Trles  ABC,  DEF  have  twv  angles  A,  B  and 
the  included  f.de  AB  in  one  refpenively  equal  to  two  an^ 
gifs  D,  E  a>7d  the  included  fide  DE  in  the  other,  each 
t2    each ;    then-   are    thofe   triangles   congruous. 

A.  li  U 

DeiM.   Apply  the  point  D  to  A,  and  the  line  DE  to  ab. 
Now  as  DE  — Ab  (by  fup.)  -,  therefore  the  point  e  falls  on  B. 
And  as  z.r>:=z.A  (by  fup.)  ;   therefore  the  line  df  falls  on  AC. 
Now  if  ihc  line  ac  is  Icfs  or  greater  than  the  line  df  ; 
Then  the  line  fe  not  falling  on  cB,  makes  the  z.  b  lefs  or  greater  than  z.  K. 
liut  z.!i— Ae  (by  fup.)  ;  therefore  ac  is  neither  Icfs  nor  greater  than  df. 
Or  the  line  aczzdf  ;   confcqucntly  FErrcB. 
'\  hcreforc  the  triangles  arc  congruous, 

jci.  THEO- 
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THEOREM   VII. 


Two  triangles  ABC,  DEF  are  congruous .,  when  the 
^ree  fides  in  the  one  are  equal  to  the  three  fides  in  the 
otbeTi  each  to  each. 

Dem.  Apply  the  point  d  to  a,  and  the  line  de  to  ab. 

Now  as  DE  =  AB  (by  fup.) ;  therefore  the  point  E  fells  on  B. 

On  A,  with  the  radius  AC,  defcribe  an  arc. 

Then  as  df=:ac,  the  point  f  will  fall  in  that  arc. 

Alfo  on  B,  with  the  radius  EC,  defcribe  another  arc,  cutting  the  former  in  c. 

And  fince  ef=bc,  the  point  f  will  fall  in  this  arc  alfo. 

But  if  the  point  f  can  fall  in  both  thefe  arcs,  it  can  be  only  where  they 

interfe£l,  as  in  c. 

Confequently  the  triangles  are  congruous. 

K)2.  THEOREM    Vni. 

Tiuo  triangles  ABC,  DEF  are  congruous.,  when  two 
angles  a,  B  and  a  fide  AC  cppofite  to  one  of  them.,  in 
one  triangle^  are  refpe£liveiy  equal  to  two  angles  D, 
E  and  a  fide  DF  oppofite  to  a  like  angle  in  the  other  tri~ 
emgle,  each  to  each. 

Dem.  Apply  the  point  d  to  a,  and  the  line  df  to  ac 

Now  as  df  =  ac  (by  fup.)  ;  therefore  the  point  f  falls  on  c. 

And  asZ.D=:Z.A  (by  fup.) ;  the  line  de  will  fall  on  the  line  ab. 

And  if  the  point  e  does  not  fall  on  b,  it  muft  fall  on  fome  other  point 

G.    Draw  CG. 

Then  the  angle  agc  is  equal  to  the  angle  d-ef.  (99) 

And  the  angle  ABC  =  (DEFr:)  agc,  which  is  not  poffible.  (96) 

Therefore  the  point  E  can  fall  no  where  but  on  the  point  b. 

Confequently  the  triangles  are  congruous. 


103. 


THEOREM    IX. 


lu  the  Ifofcelesy  or  equilateral  triangle  acb  ;  a 
line  draxvn  from  the  vertex  c  to  the  middle  of  the 
bafe  ab  is  perpendicular  to  the  bafe.,  and  bife^s  the 
vertical  angle  :  and  the  contrary  *, 


Dem.  The  triangles  adc,  bdc,  are  congruous. 

Since  ca  — CB  (23)  ;  CDrrco,  and  ad=:db  by  fuppofition  : 

Therefore  z.a=:Z.b,  AacdzzZ-Bcd,  Z.adc=:Z-Bdc.  (lOi) 

Confequently  cd  is  at  right  angles  to  ab.  (17) 

104.  CoROL.  Hence  in  any  right  lined  triangle  where  there  are  equal 
fides,  or  angles ; 

The  angles  a,  b,  oppofite  to  equal  fides  bc,  ac  are  equal. 
And  the  fides  bc,  ac,  oppofite  to  equal  angles  a,  b,  are  equal. 

•  That  is,  if  a  line  drawn  perpendicular  to  the  bafe  of  a  triangle  bifefls 
the  vertical  angle;  then  that  triangle  muft  be  Ifofceles,  and  the  perpendicu- 
lar is  dr^wQ  from  the  middle  of  the  bafe. 

105,  THEO- 
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105. 


THEOREM    X. 


In  every  right  lined  triangle  ABC  th^  greater  angle 
c  is  eppojite  to  the  greater  fide  ab. 


Dem.  In  the  greater  fide  ab,  take  ad  =  acj  draw  cd,  and  through, 
B  draw  BE  parellel  to  cd.  (63) 

Then  the  angles  adc,  acd,  are  equal.  (104) 

And /.ADC rrz. ABE.  (95) 

Therefore  /.acd—  z.abe.  (46) 

That  is,  a  part  of  the  angle  acb  is  greater  than  the  angle  abc. 
Confequently  the  z.c  is  greater  than  the  Z.B  ;  and  in  the  fame  manner,  it 
may  be  proved  to  be  greater  than  the  Z.  a,  if  the  fide  ab  be  greater  than  cb. 
106.  CoROL.  Hence  in  every  right  lined  triangle,  the  greater  fide  is 
oppofite  to  rfie  greater  angle. 


107. 


T  H  E  O  RE  M    XI. 


Parallelograms  acdb,  ecdf,  eguy  Jianding  on 
the  fame  bafe  cd,  or  on  equal  hafes  CD,  GH,  and 
between  the  fame  parallels^  CH,  AF,  are  equal. 

C  1^ 

Dem.  For  ABrnEF,  being  each  equal  to  CD.  (28,46) 

To  each  add  be,  and  AErrBF.  (47) 

Now  AcriBD,  and  ce  =  df.  (28) 

The  triangles  ace,  bdf,  are  therefore  congruous.  (loi) 

Now  if  from  each  of  the  triangles  ace  and  bdf,  be  taken  the  triangle 
BiE,  the  remaining  trapeziums  abic  and  feid  are  equal.  (48) 

Then  if  to  each  of  the  trapeziums  abic,  feid,  be  added  the  triangle  cid, 
their  fum  will  be  the  parallelograms  ad  and  dk,  which  are  equal.       (47) 
And  in  like  manner  it  may  be  fhcwn,  that  the  parallelogram  eh  is  equal 
to  the  parellelogram  ed=:ad. 

c  D      c        "D 

108.  THEOREM    Xn. 


A  triangle  abc  is  the  half  of  a  parallelogram 
AD,  when  they  ft  and  on  the  fame  bafe  AB,  and  are 
betiuecn  the  fame  parallels  ab,  cd.  y      ^ 

A        iJ 
Dem.  AC  is  equal  to  de,  and  ab  to  dc.  (28) 

Alfo  Bc  is  a  fide  common  to  both  the  triangles  abc  and  dcb. 
Thcfc  triangles  are  therefore  congruous.  ('01 ) 

Confequently  the  triangle  abc  is  half  the  parallelogram  ad. 

log.  CoROL.  I.  Hence  every  parallelogram  is  bife<Sted  by  its  diagonal. 

1 10.  CoROL.  II.  Alfo,  triangles  ftanding  on  the  fame  bafe,  or  on  equal 
bafes,  and  between  the  fame  parallels,  arc  equal. 

They  being  the  halves  of  cqunl  parallelograms  under  like  circumftances. 

Ill  .  THEO- 
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rir.  THEOREM    XIIJ. 

In  every  right  angled  triangle  bac  the  fquare  on 
the  fide  BC  oppojite  to  the  right  angle  A  is  equal  to 
the  f urn  of  the  fquare s  of  the  two  fides  AB,  A-C  ton^ 
taining  the  right  angle. 


I>EM.    On  the  fides   ab,  ac,  bc,  oonftru£l  the  fquares  AG,  ae,  cd 
•(68)  :  draw  ad,  ce  ;  and  draw  af  parallel  to  bd.  (63) 

TTfien  the  triangles  abd,  ebc,  are  congruous.  ^99^) 

For  the  Z.  ABE  =  Z.CBD,  being  right  angles.  (30) 

To  each  add  die  angle  abc,  then  zLebc  and  /.abd  are  equal.  ,       (47) 
Thei^fore  eb,  bc,  z,ebc  are  refpeitively  equal  to  ab,  bd,  Z.abd. 
Alfo  the  triangle  EBC  is  half  the  parallelogram  A E  (108) 

For  they  ftand  upon  the  fame  bafe  eb,  and  are  between  the  fame  parallels 
EB  and  AC  ;  BA  making  right  angles  with  b£  ajid  ca  continued. 
Likewife  the  triangle  abd  is  half  the  parallelogram  bf.  (108) 

For  they  ftand  upon  the  fame  bafe  bd,  and  are  between  the  fame  parallels 

BD,  AF. 

Therefore,  as  the  halves  of  the  parallelograms  ea  and  bf  are  equal,  -con- 
fequently  the  parallelogram  bf  is  equal  to  the  fquare  ae.  (49) 

In  the  fame  manner  may  it  be  ihewn,  that  the  parallelogram  CF  is  equal 
to  the  fquare  ag. 

But  the  parallelograms  bf  and  cf  together,  make  the  fquare  cd. 
Therefore  the  fquare  cd  is  equal  to  the  fquares  ea  and  ag.^ 

112,  CoROL.  I.  Hence  if  any  two  fides  of  a  right  angled  triangle  are 
known,  the  other  fide  is  alfo  known. 

For  BC=fquare  root  of  the  fum  of  the  fquares  of  ac  and  ab. 

Acrrfquare  root  of  the  difference  of  the  fquares  of  bc  and  ab. 
ab:=: fquare  root  of  the  difference  of  the  fquares  of  bc  and  ac. 

113.  Or  thus,  making  the  quantities  bc*,  ab%  ac*,  to  ftand  for  the 
fquares  made  on  thofe  lines. 

And  the  mark  V  to  ftand  for  the  fquare  root  of  fuch  quantities  as  ftand 
under  the  line  joined  to  the  top  of  this  mark. 


Then  bc  =  >/ acj+-aF  ; 
Accr  v'bcj— AB*J 
ABrzv'BC*— AC*. 

Scholium.  The  lines  of  the  lengths  5,  4,  3,  (or  their  doubles,  triples, 
&:c.)  will  form  a  right  angled  triangle. 

For  5* =4* -J- 3*.    Or  25  =  16+9. 

IZ4.  CoROL. 
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114.  CoROL.  II.  Of  all  the  lines  drawn  from  a  given  point  to  a  given 
line,  the  perpendicular  is  the  fhorteft, 

115.  CoROL.  III.  The  fhorteft  diftance  between  two  parallel  right 
lines,  is  a  right  line  drawn  from  one  to  the  -other  perpendicular  toT)oth-. 

1 16.  CoROL.  IV.  Parallel  right  lines  are  equidiftant ;  and  thecontrarjr. 
For  two  oppofite  fidgs  of  a  retSangular  parallelogram  are  eqtial  {28}  i  and 
each  is  the  fhorteft  diftance  between  the  other  fides. 


117. 


THEOREM    XIV. 


If  a  right  line  -ab  h  divided  into  any  tzvo  parts  AC,  CB  ;  then  twill 
the  fquare  on  the  whole  line  be  equal  to  the  fum  vf  the  fqnarn  on  the  parts, 
together  zvith  two  reilangles  under  the  two  parts. 

That  is  ab''=:ac*  +  cb'+2XacXcb.* 

Dem.-  Let  AD,  af,  be  fquares  on  ab,  ac.  (68) 

Then  will  fg,  and  gd,  be  each  equal  .to  CB.  (4^) 

Hence  fd  is  a  fquare  on  a  line  equal  to  CB.  (30) 

Alfo    FB   and   fe   arc   reilangles    on   lines  equal  to 

AC,  CB. 

But  the  fquares  af,  fd,  and  the  recftangles  fb,  fe,  fill 
up  the  fquare  ad,  or  are  equal  to  ad.  E 

118.  CoROL.  I.  Hence  the  fquare  of  ac  the  difference  between  two 
lines  AB,  CB,  is  equal  to  the  fquare  of  the  greater  ab,  lefiened  by  the 
fquare  of  the  lefs  cb  and  by  two  rectangles  under  the  lefTcr  line  CB  and 
the  faid  difference. 


A 

c 

B' 

r 

G 

1) 

That  is  ab— iic''=:AB*— BC*— 2EC  X  AC. 

For  AB — EcrrAC. 

Then  ac''— ab""— Bc^— 2BCX  AC.    . 


(48) 


119.  CoROL.  II.  The  difference  between  the  fquares  on  two  lines 
AB,  AC  is  equal  to  the  rectangle  under  the  fum  ab-j-bc  and  difference  ab 
— EC  of  thofe  lines. 


Thatjs  AB""- AC*  =  AB  +  BCX  AB— AC. 

For  ab'^— ac^  =  cb'  4-  2ac  x  cb. 

=:CB+AC4-AC  X  CB. 

=        ab+acx(cbz:)ab— AC. 


(117,48) 


T/je  reilaugk  under  tivo  lines  is  generally  exprcjjed  hy  3  letters  ;  the  f.rjl  two 
lit  t  in  Jl  and  for  one  line,  and  the  lajl  tujo  for  tut  other  line. 
1'h:.s  for  AC  XcB,  is  nuritten  aCb. 
for  AB  Xdc,  //  ivritten  aqC. 
And  far  :  X  \CXCB,  ij  nviitten  iACc, 

no.  TIIEO. 
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THEOREM    XV. 


In  every  triangle.,  adc  the  fquare  of  a  fide  CD  fubtend'tng  an  acuta 
angle  a,  is  equal  to  the  fquares  of  the  fides  ad,  ac  about  that  angle^ 
ItfJ'ened  by  two  reSf angles  under  one  of  thofe  fides  AC  and  that  part  ab  con^ 
tained  between  the  acute  angle  and  the  perpendicular  DB  drawn  to  that  fidt 
AC  from  its  oppofite  angle  D» 

•      ,  '  y^D 

That  is,  DC*=AD*  +  AC* — 2cab. 

DeM.   DC*— BC*=  (5b*  =) AD* — AB*.  (m) 

And  AC*  =  2ABC  +  BC*+AB*.  (II7) 

Then  dc* — bc* — ac* = ad* — bc* — 2 ab*— 2 a bc . 

(48)     A 

And  dc*=ad*+ AC*— -2X6*— 2ABC,  by  adding  bc*  +  ac*. 

( — AB  X  2AB — bc  X  2ab) 
( — AB  +  BC       X2AB  ) 

Then  dc*=ad*+ac*— (acX2ab  =  )2cab. 
121.  CoROL.     Hence  ab=: • 

2CA 


(47) 


122. 


THEOREM    XVI. 


In  an  obtufe  angled  triangle  acd,  the  fquare  of  the  fide  AD  oppofite  to  the 
chtufe  angle  c  is  equal  to  the  fum  of  the  fquares  of  the  fides  AC,  CD  about  the 
obtufe  angle  ;  together  with  two  rectangles  under  one  fide  AC,  and  the  conti- 
nuation CB  of  that  fide  to  meet  a  perpendicular  DB  drawn  to  it  from  the  oP' 
pofite  angle  d. 


That  is,  ad*=2ac*  +  cd*  +  2acxcb. 

Dem.  ForXD*— Ib*=(db'  =  )cd*— CB*.     (Ill) 
And  ab*=2acb  +  ac*  +  cb*.     (117) 

Then         ad* 


123.  CoROL,   Hence  cb=; 


=  AC*-FCD*+2aCB.  (47) 

"ad' AC*— CD*  -V 


2  AC 


8 
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124. 


THEOREM    XVII. 


In  any  circle .^  a  diameter,  ab,  drawn  perpendicular 
to  a  chord,  de,  bife6fs  that  chord  and  its  fubtendbd 
arc  DBE. 

Dem.  From  the  center  c,  draw  the  radii  CD,  c  e, 
to  the  extremities  of  the  chord  de. 
Then  the  triangles  cfe,  cfd,  are  congruous.  (102) 
For  CF  being  at  right  angles  to  de,  the  /.CFDn  Z-CFE. 
And  the  triangle  cde  being  ifofceles  (23),  the  Z.d=Z.E  (104). 
CF  is  common. 

Therefore  df=:fe:   And  the  arc  db  =  be  : 

For  thofe  arcs  meafure  the  equal  angles  fce,  fcd.  (15) 

1 25.  CoRoL.  Hence,  in  a  circle^  a  right  line  drawn  through  the  middle 

of  a  chord  at  right  angles  to  it,  pafles  through  the  center  of  that  circle; 

and  the  contrary. 

126.  T  H  E  O  R  E  M    XV nU 

A  tangent,  ab,  to  a  circle  is  perpendicular  to  a 
diameter,  dc,  drawn  to  the  point  of  contact,  c, 
Dem.  If  it  be  denied  that  dc  is  perpendicular  to  ab. 
Then  from  the  center  d,  let  feme  other  line  de, 
cutting  the  circle  in  E,be  drawn  perpendicular  to  ab. 
Now  the  angle  dbg  being  right,  the  angle  dcb  is  acute.  f97) 

Confequently  dc  is  greater  than  db.  (106) 

But  dcztde  (9).     Therefore  de  is  greater  than  db,  which  is  abfurd. 
Therefore  no  other  line  pafling  through  the  center  can  be  perpendicular  to 
the  tangent,  but  that  which  meets  it  at  the  point  of  conta<5l. 

127.  THEOREM    XIX. 
An  angle,  BCD,  at  the  center  of  a  circle,  is  double 

cf  the  angle ^  bad  at  the   circumference,  ivhen   thofe 
angles  Jland  on  the  fame  arc,  bd. 

Dem.  Through  the  point  a  draw  the  diameter  ae. 

llien  the  angle  ECD:r:Z_CAD+  /Lcda.  (96) 

But  the  Z_cad=:z.cda.  (104) 

Therefore  theZ-Ecois  equal  to  twice  the  angle  cad. 

In   the   fame  manner  it  may  be  fhcwn,  that  the   angle  bce  is  equal  to 

twice  the  angle  bae. 

Confequently  the  angle  BCD  (=:z.ecd+ *  Z.bce)  is  equal  to  twice  the 

angle  bad  (=:Z.EAD+Z.BAEJ.  '^  (47,48) 

128.  CoROL.   I.  Hence  an  angle,  bad,  at  the  circumference  is  mca- 
fured  by  half  the  arc,  bd,  on  uhich  it  ftands. 

For  the  angle  at  the  center  bcd  is  meafured  by  the  arc  rd.  f  15) 

Confequently  the  angle   BADZirhalf  the  angle   bcd,  is  meafured  by  half 
the  arc  db. 

129.  CoRoL.  II.  All  angles  in  the  circumference,  and  flandino-  on  the 
fame  arc,  arc  equal. 


The  !narU+,  fignifics  the  fum  or  dificrcncr. 
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jfn  angle y  BAC,  in  a  femkircle^  it  a  right  one. 

An  angle i  DAC,  in  a  fegmentlefs  than  a  femi circle , 
is  obtufe. 

An  angle ^  EAC,  in  afegment  greater  than  a  femi- 
circUi  is  acute. 


Dem.  For  the  angle  bac  is  meafured  by  half  the  femicircular  arc  bec» 
or  is  meafured  by  half  of  i8o  degrees;  that  is,  by  90  degrees.    ( 128,  16) 
-And  Z.DAC  is  meafured  by  half  the  arc  dec,  greater  than  180"  *. 
Alfo  Z.EAC  is  meafured  by  half  the  arc  EC,  lefs  than  180". 
Therefore  thcfe  angles  are  rcfpedlively  equal  to,  greater,  oi*  lefs  than  90 
degrees. 


131.  Cor.  Hence  in  a  right  angled  triangle  bag  ;  the  angular  point 
A  of  the  right  angle,  and  the  ends,  b,  c,  of  the  oppofite  fide,  are 
equally  diftant  from  f,  the  middle  of  that  fide  ;  that  is,  a  circle  will  al- 
ways pafs  through  the  right  angle,  and  the  ends  of  its  oppofite  fide 
taken  as  a  diameter. 


132. 


THEOREM     XXI. 


*The  angle  A  CD,  formed  by  a  tangent  ab,  to  a 
circle.,  cde,  and  a  chords  CD,  drawn  from  the 
point  of  contaSf^t  c,  is  equal  to  an  angle,,  ced, 
in  the  alternate  fegynent  \  and  is  meafured  by  half 
the  arc  DC  of  the  included  fegment. 


Dem.  Draw  the  diameter  fc,  and  join  df. 
The   Z.'  acf  and  cdf  arc  both  right. 
Therefore  the  z.'  dcf  and  dfc  are  together  =  a  right  Z.. 
But  the  Z.'  acd  and  dcf  are  together  =  a  right  z.. 
Confequently  the  Z.  dcf  and  dfc  =  the  Z.'  acd  and  dcf. 
Take  the  z.  dcf  from  each,  and  the  Z.  dfc  z=  the  Z.  acd. 
But  the  Z.'  DFC  and  dec  are  equal. 
Confequently  the  Z.'  dec  and  acd  arc  equal  alfo. 


(126,  130) 

(96) 

(46> 

(48) 

(129) 

(46) 


*  A  fmall  °  put  above  any  figure,  fignifies  degrees. 
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133.  THEOREM    XXII. 

Betxveen  a  circular  arc  AHF,  and  its  tangent  ae, 
no  right  line  can  be  drawn  from  the  point  of  contii£f  a. 


Dem.    For  if  any  other  right  line  can  be  drawn,  let  It  be  the  right 

line  AB. 

From  D,  the  center  of  ahf,  draw  dg  perpendicular  to  ab,  cutting  ab  in 

G,  and  the  arc  In  h. 

Now  as  z.  dga  is  right ;  therefore  da  is  greater  than  dg.  (106) 

But  da=:dh  (9).     Therefore  dh  is  greater  than  dg,  which  is  abfurd. 

Confequently  no  right  line  can  be  drawn  between  the  tangent  ae  and  the 

arc  AHF. 

134.  CoROL.  I.  Hence  the  angle  dah,  contained  between  the  radius 
DA,  and  an  arc  ah,  is  greater  than  any  right  lined  acute  angle. 

For  a  right  line  ab  muft  be  drawn  from  a,  between  the  tangent  ae  and 
radius  ad,  to  make  an  acute  angle. 

But  no  fuch  right  line  can  be  drawn  between  ae  and  the  arc  ah.  (133) 

135.  CoROL.  II.  Hence  the  angle  eah,  between  the  tangent  ea  and 
arc  ah,  is  lefs  than  any  right  lined  acute  angle. 

136.  CoROL.  III.  Hence  it  follows,  that  at  the  point  of  conta<3:  the 
arc  has  the  fame  dire6lion  as  the  tangent,  and  is  at  right  angles  to  the 
radius  drawn  to  that  point. 


^11- 
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If  two  right  lines^  ab,  cd,  inter feSl  any  hoxv  (in  e) 
within  a  circle^  their  inclination.,  aed,  or  CEB,  is  mea~ 
fured  by  half  the  fum  of  the  intercepted  arcs.^  ad,  cb. 


Dem.  For  drawing  db  ;  (43) 

The  z.aed=:z.edb+Z.ebd.  (90) 

But  the  Z.EDB  is  meafurcd  by  \  arc  CB.  (128) 

And  the  /_ebd  is  meafured  by  \  arc  ad.  (128) 

Confequently  the  ^aed  is  meafured  by  half  the  arc  cb,  together  with 

half  the  arc  ad.                           '  (50) 
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SECTION    IV. 
Of  Proportion, 

Definitions  and  Principles. 

138.  One  quantity  A,  is  faid  to  be  tneafured  or  divided  by  another  quantity 
B,  when  A  contains  hfonie  number  of  times,  exaiily. 

Thus  if  A  =  20,  and  B  =  5  ;  then  a  contains  b  four  times. 

A  is  called  a  multiple  of  b  ;  and  b  is  faid  to  be  part  of  a. 

139.  If  a  quantity  A  (n20)  contains  another  b  (  =  5)  <^-^  many  times  as 
a  quantity  c  (  =  24)  contains  another  d  (=6)  ;  then 
A  and  c  are  called  like  multiples  of  ^  and  D. 
B  and  D  are  called  like  parts  of  a  and  c  :  Jnd 
A  is  faid  to  have  the  fame  relation  to  B,  as  c  has  to  D. 

Or,  like  multiples  of  quantities  are  produced,  by  taking  their  Re«Stan- 
gle,  or  Produfl,  by  the  fame  quantity,  or  by  equal  quantities. 

The  Rectangle  or  Produ^  of  quantities,  a  and  b,  is  exprefled  by  writ- 
ing this  mark  x  between  them.  Thusj  axb,  or  b  X  a,  expreifes  the 
rectangle  contained  by  a  and  b. 

1 40  IfO^en  two  quantities  of  a  like  kind  are  compared  together^  the  relation 
'  luhich  one  of  them  has  to  the  other^  in  refpeB  to  quantity^  is  called  Ratio. 

The  firft  term  of  a  ratio,  or  the  quantity  compared,  is  called  the  Ante- 
cedent ;  and  the  fecond  term,  or  the  quantity  compared  to,  is  called  the 
Confequent. 

A  ratio  is  ufually  denoted  by  fetting  the  antecedent  above  the  confe- 
quent with  a  line  drawn  between  them. 

Thus-  fignifics,  and  is  thus  to  be  read,  the  ratio  of  a  to  b. 
The  multiple  of  a  ratio-,  is  the  product  of  each  of  its  terms  by  the  fame 
quantity,  or  by  equal  quantities.  Thus is  the  ratio  -  taken  c  times. 

b  XC  B 

AC 

The  produdt  of  two  or  more  ratios,  -,  - ,  is  exprefled  by  taking  the  pro- 
duct of  the  antecedents  for  a  new  antecedent,  and  the  product  of  the  con- 
fequents  for  a  new  confequent.    Thus r:  ~  x  -. 

^  ^  E  X  D         B         D 

141.  Equal  ratios  are  thofe  zvhere  the  antecedents  are  like  multiples  or  parts 
cf  their  refpeSlive  co7ifequents. 

Thus  in  the  quantities  a,  e,  c,  d  :  Or  20,  5,  24,  6. 

In  the  ratio  of  a  to  b,  or  of  20  to  5,  the  antecedent  is  a  multiple  of  its 
confequent  four  times. 

And  in  the  ratio  of  c  to  D,  or  24  to  6,  the  antecedent  is  a  multiple  of 
its  confequent  four  times. 
That  i?,  the  ratio  of  a  to  b  is  tlic  fame  as  the  ratio  of  c  to  D. 

And  this  equality  of  ratios  is  thus  exprefled,  -— -  , 

142.   Rutio 
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142.  Ratio  of  equality  isy  when  the  antecedent  is  equal  to  the  confeqitent, 

■^  ,       A         A         B    .  .       -         ,.       " 

Thus  when  a=b,  then  — ,  or  -,  or  -,  is  a  ratio  of  equahty. 

BAB 

143.  Four  quantities  are  faid  to  he  proportional^  which ^  when  compared 
together  by  two  and  two,  are  found  to  have  equal  ratios. 

Thus,  let  the  quantities  to  be  compared  be  a,  b,  c,  d  :  Or  20,  5,  24,  6. 
Now  in  the  ratio  of  a  to  b,  or  of  20  to  5  ;  a  contains  b  four  times. 
And  in  the  ratio  of  c  to  d,  or  of  24  to  6  j  c  contains  d  four  times. 

^  p 

Then  the  ratios  of  a  to  b,  and  of  c  to  £>,  are  equal :   Or  -=-.      (141 ) 

a     D       ^  ^  ' 

And  their  proportionality  is  thus  exprefled,  a  :  b  : :  c  :  d.  (75) 

Alfo  in  the  ratio  of  a  to  c,  or  of  20  to  24 ;  c  contains  a,  once  and  ^. 
And  in  the  ratio  of  b  to  d,  or  of  5  to  6  j  d  contains  b,  once  and  |. 

A        B 

Where  the  ratios  are  likewife  equal,  vi-z,.  —  =-. 

CD 

And  thefe  are  alfo  proportional,  a  :  c  : :  b  :  d. 

144."  ^0  that  when  four  quantities  of  the  faine  kind  are  proportional^  the 
ratio  between  the  firji  and  fecond  is  equal  to  the  ratio  between  the  third  and 
fourth  ;  and  this  proportionality  is  called  Dire£f. 

145.  jllfo  the  ratio  between  the  firfl  and  third  is  equal  to  the  ratio  between 
the  fecond  and  fourth  ;  and  this  proportionality  is  called  Alternate, 

146.  Similar.,  or  like.,  right  lined  figures,  are  thofe  which  are  equiangular, 
(that  is,  the  feveral  angles  of  which  are  equal  one  to  the  other ;)  and  alfo, 
the  fides  about  the  equal  angles  proportional. 


Thus  if  the  figures  ac  and  eg  are  equiangular, 
And  ab  :  EC  :  :  £F  :  FG  ;  Or  bc  :  CD  :  :  FG  :  GH  ; 
Then  are  thofe  figures  called  fimilar,  or  like  figures. 
And  the  like  in  triangles,  or  other  figures. 


147.   Like  arcs,  chords,  or  tangents,  in  different  circles,  are  thoft  which 
fubtend,  or  are  oppofite  to,  equal  angles  at  the  center. 

Let  F  be  the  center  of  two  concentric  arcs  aeb, 
aeb,  terminated  by  the  radii  f^a,  jbs,  produced  ; 
ab,  ab,  their  chords,  and  CD,  cd,  their  tangents. 
Then  as  the  angle  cfd  is  mealured  either  by  the 
arc  aeb,  or  aeb,  thofe  arcs  are  faid  to  be  alike, 
or  fimilar ;  that  is,  the  arc  aeb  is  the  fame  part 
of  its  whole  circumference,  as  the  arc  aeb  is  of 
its  whole  circumference. 
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148.  -Theorem  xxiv. 

^iantitieSy  and  their  like  multiples,  have  the  fame  ratio. 
That  is,  the  ratio  of  a  to  b  is  equal  to  the  ratio  of  twice  a  to  twice  b, 

A       2A       ^A  CXA 

or  thrice  a  to  thrice  b,  tfc.     Or  thus  —  =  —  —  — ,  ^c.=. ;  that  is, 

B       2B       3B  CXB 

equal  to  the  ratio  of  c  times  A  to  c  times  b. 

Dem.    For  the  ratio  of  a  to  b  muft  either  be  equal  to  "the  ratio  of  like 

multiples  of  a  and  b,  or  to  the  ratio  of  unlike  multiples  of  them. 

Now  fuppofe  the  ratio  of  a  to  b  is  equal  to  the  ratio  of  their  unlike 

A       C  X  A 

multiples,  c  times  a,  d  times  b  ;  that  is,  —=. . 

B       D  ^  B 

Then  A  :  B  :  :  ex  A  :  DXB  (143).     And  a  :  cx  a  :  :  b  :  d  Xb.     (145) 

A  B 

Therefore   = (lAA-).     Where  the  confequents  are  unequal 

cxadxb^^^' 

multiples  of  their  antecedents,  by  fuppofition. 

But is  not  equal  to .  fi4-i) 

CXA  DXB     •  V    T    / 

Then  a:cxa:;b:qxb  is  not  true.     Alfo  a:b::cXa:dxb  is 
not  true. 

^       r  1      A .  ,  CXA 

Confequently  —  is  unequal  to . 

^    B  ^  DXB 

Therefore  the  ratio  of  unlike  multiples  of  two  quantities,  is  not  equal  to 
the  ratio  of  thofe  quantities. 

Confequently  the  ratio  of  two  quantities,  and  the  ratio  of  their  like  mul- 
tiples, are  the  fame.    Or  -= . 

*^  b     ex  b 

149.  Cor.  I.    In  any  ratio,   if  both  terms  contain  the  fame  quantity 
or  quantities  J  the  value  of  the  ratio  will  not  be  altered  by  omitting,  or 

taking  away  thofe  quantities.     For — -,  by  taking  away  c. 

150.  Cor.  II.  Quantities,  and  their  like  parts,  have  equal  ratios. 
For  A  and  b  are  like  parts  of  c  X  A  and  c  X  b. 

151.  Cor.  llf.  Quantities,  and  their  like  multiples,  or  like  parts,  arc 
proportional.    For  a:  b;  :c  x  a:c  xb.    And  c  X  a:  e  x  b  :  :  a  :  b     (148) 

152.  Cor.  IV.  If  quantities  are  equal,  their  like  multiples,  or  like 

A       C  X  A 

parts,  are  alfo  equal.    For  if  Ar:B  :  and  — r: ; 

b      C  X  b 

Then  are  the  antecedents  and  confequents  in  a  ratio  of  equality.     (141) 

153.  Cor.  V.  If  the  parts  of  one  quantity  are  proportional  to  the  parts 
of  another  quantity,  they  are  like  parts  of  their  refpeftive  quantities. 

For  only  like  parts  are  proportional  to  their  wholes,  (iSi) 

154.  Cor.  VI.  Ratios,  v/hich  are  equal  to  the  fame  ratio,  are  equal  to 

T-         1  •         ^ACXADXA,.  ,       ny. 

one  anotner.    r or  tne  ratio  of     = rr ^isc,  fi4o) 

BCXBDXB  vt/ 

155.    C0R» 


Then 

AXE_ 

C    X 

BXE 

DXE 

Then 

AXE 
BXE 

_CXF. 
DXF 

Then 

AXE 
B  X  f' 

CXG 

~D  XH* 
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155.  Cor.  VII.  Proportions,  which  are  the  fame  to  the  fame  propor- 
tion, are  the  fame  to  one  another. 

If  A  :  B  :  :  c  :  D  J  and  a  :  b  : :  £  :  f  ;  Then  c  :  d  : :  e  :  F. 

For  -=-:  and —  =  -     (144).      Then   -  =  -•  (±6) 

B     c  '  B     F  D     F  ^^  ' 

156.  Cor.  VIII.  If  two  ratios  or  produ6ls  are  equal,  their  like  multiples, 
either  by  the  fame  or  by  equal  quantities,  orhy  equal  ratios,  are  alfo  equal. 

.-A      c 

That  Is,    it  -=-: 

B        D 

And    if   e=:f  : 
And   if  -  =  - 

F       H 

For  in  either  cafe,  the  ratios  may  be  confidered  as  quantities. 

157.  THEOREM    XXV. 

Equal  quantities^  A  and  b,  have  the  fame  ratio  or  proportion  to  another 
quantity  c.      And  any  quantity  has  the  fame  ratio  to  equal  quantities. 
That  is,  if  a=:b  :  Then  a  :  c  :  :  b  :  c.     And  c  :  A  : :  c  :  B. 

Dem.  Since  a  =  8;  then  c  is  the  like  multiple,  or  part  of  b^  as  it  is  of  a. 
And  A  :  B  :  :  c  :  c  (151).     Therefore  a  :  c  ::  B  :  c.  (145) 

Alfo  c  :  c  :  :  a  :  b  (151).     Therefore  c  :  a  :  :  c  :  b.  (^45; 

158.  Cor.  I.  Hence,  when  the  antecedents  are  equal,  the  confequents 
are  equal ;  and  the  contrary. 

159.  Cor.  II.  Quantities  are  equal,  which  have  the  fame  ratio  to  an- 
other quantity  :  or  to  like  multiples  or  parts  of  another  quantity. 
Thus,  if  A  :  c  :  :  B  :  c.     Then  a  =  b. 

160.  CoR.  III.  Since  A  :  c  : :  B  :  c  ;  and  c  :  a  :  :  c  :  b.  Therefore, 
when  four  quantities  are  in  proportion.  As  antecedent  is  to  confequent, 
fo  is  antecedent  to  confequent :  Then  fhall  the  firft  confequent  be  to  its 
antecedent,  as  the  fecond  confequent  to  its  antecedent:  and  this  is  called 
the  inverfion  of  ratios. 

161.  THEOREM    XXVI. 

In  two,  or  more,  fets  of  proportional  quantities^  the  reSf angles  undtr  the 
like  terms  are  proportional. 
That  is,  if  A  :  B  :  :  c  :  D  ;  and  e  :  f  :  :  G  :  h. 
Then  axe:bxf::cxg:  dxh. 

A_C  E_G 

Dem.     Smce -  =  -;   and-=-.  (144) 

Therefore  =r .  fJS6) 

B  X  F       D  XH  V    -*    / 

Confequently  a  x  e  :  8  X  f  :  :  c  x  g  :  d  x  11.  ( H3} 
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In  four  proportional  quantities  a  :  b  :  :  c  :  d.  Then  the  ReSf angle  or 
ProducI  of  the  tiuo  extremes  is  equal  to  the  Rectangle  or  FroduSl  of  the  two 
means.     That  is,  a  X  d=b  X  c. 

A       C 

Dem.     Since  a  :  b  :  :  c  :  d  by  fuppofition.     Therefore  -=-•       (144) 

.,AAXD,..,^CCXB  ,,v 

And  -= ;(i56).    Alfo  -:^^^„.  (156) 


B       BX  D' 


D  XB 


A  V  T\       C  X  B 

Therefore = (46),  where  the  confequents  are  equal. 

Confequently  aXd  =  c  XB.  (lS8) 

163.  Hence,  if  the  RetSlangle  or  Produ6l  of  two  quantities  is  equal  to 
the  Re<5tangle  or  Produ6l  of  other  two  quantities}  thofe  four  quantities 
are  proportional. 

Thus,  fuppofe  the  two  Rectangles,  X,  Z,  are  equal  j 
Where  a,  c,  are  their  lengths,  and  b,  d,  their  breadths. 


Then  axb=:cXD  by  fuppofition. 
Therefore  a  1  c  :  ;  D  :  B, 

7'hat  is,  As  the  length  of  X  is  to  the  length  of  Z. 
So  the  breadth  of  Z  is  to  the  breadth  of  X. 


X 


D 


In  fuch  cafes,  the  lengths  are  faid  to  be  to  one  another  reciprocally,  as 

their  breadths. 

Or  that  proportion  a  :  c  :  :  d  :  b  is  reciprocal,  when  a  x  b  =  c  xd. 


164. 


THEOREM     XXVIII, 


If  four  quantities  are  proportional  \  then  will  either  of  the  extremes^  and 
the  ratio  of  the  produSl  of  the  means  to  the  other  extreme.,  be  in  the  ratio  of 
iquality :  And  either  mean.,  and  the  ratio  of  the  product  of  the  extremes  to  tht 
ether  mean,  will  be  alfo  in  a  ratio  of  equality. 

^,         .       w  rx.,  B  X  C        .      ,  A  X  D 

That  IS,  if  A  :  B  :  :  c  :  D.     Then  a=: •    And  B=r ♦ 

D  c 

Dem.     Since  a  :  b  :  :  c  :  d  by  fuppofition. 
Therefore  a  x  d=zb  X  c. 


A  XD       B  xc 

And  --—=—— (157). 


But 


B  xc 

B     :^--— (149), 


AXD 

Therefore  =    b. 


Alfo 
And 
And 


B  XC^AXD 
D     ~      D     ' 
AXD 


B  X  C 


D 


■=:   A. 


(162) 
(157) 

(M9) 

(46} 
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165.         THEOREM    XXIX. 

In  any  plane  triangle^   ABC,  any  tiuo  adjoining 
Jide  y   AB,  AC,  are  cut  proportionally  by  a  line  DE, 
drawn  parallel  to  the  other  fide  BC,  ■y/z. 
AD  :  DB  :  :  AE  :  EC. 

Dem.  Through  b  and  c  draw  b^,  ca,  at  right  an- 
gles to  BC,  meeting  ba^  drawn  through  A,  parallel     '5        "^  T^C 
to  BC  :    'I'hrough  />,  q.,  the  middles  of  A^,  A<?,  draw  />/>,  ^y,  parallel  to  b( 
or  Ci7,  meetintr  ab,  ac,  in  the  points  d^  c  ;  and  join  dc. 
Now  the  triii.gles  Adp^  sdp,  and  ac^,  ccq^  are  congruous.          (95jIOo) 
T'^'erefore  Adzz^d^  aczzcc,  pdzzpdy  qc'=:qc, 

Rui  lf=qq  (116}  ;  Therefore /)^=:^c.  (49) 

And  dc  is  parallel  to  BC.  {116) 

in  the  fame  manner  it  may  be  fhewn,  that  lines  parallel  to  b3,  drawn 
through  the  middles  of  a/>,  pb  ;  a^,  qa  ;  will  alfo  bife<Sl  Ad?,  hd  y  Ac,  cc  ; 
and  that  lines  joining  thefe  points  of  bife<5iion  will  alfo  be  parallel  to  Bc : 
And  the  fame  may  be  proved  at  any  other  bife(£tions  of  the  fegments  of 
the  lines  ab,  ac  :  Alfo  the  like  may  be  readily  inferred  at  any  other  di- 
vifions  of  the  lines  aZ-,  Aa. 

Therefore  lines  parallel  to  bCj  cut  off  like  parts  from  the  lines  ab,  ac. 
Then  ab  :  ac  :  :  ad  :  ae.     And  ab  :  ac  :  :  bd  :  CE.  (151) 

Therefore  ad  :  ae  :  :  bd  :  ce.  (iSS) 

And  by  Alternation  ad  :  bd  :  :  ae  :  ce.  -  (14S) 

166.  Cor.  Hence,  when  the  fides  ab,  ac,  of  a  triangle  are  cut 
proportionally,  in  d,  e,  the  fegments  ad,  ae  j  db,  EC  j  of  thofe  fides  are 
proportional  to  the  fides  :  And  the  line  de,  drawn  to  thofe  fe^tions,  is 
parallel  to  the  other  fide  bc. 
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U  9 


(95) 


In  equiangular  triangles.,  ABC,  abc,  the  fides  about  the 
tqual  angles  are  proportional ;  and  the  fides  oppofite  to 
equal  angles  are  alfo  proportional. 

Dem.    In  ca,  cb,  take  CD=r^,  cE  =  f3j 

de. 

Then  the  triangles  cde,  cab,  being  congruous.     ^99^     \ 

Thc/LCDEz=.[Z.azz.)  Z.A.     Therefore  DE  is  parallel  to  ab. 

In  the  fame  manner,  taking  AT=ac,  Aczzab,  alfo  HHzzbc,  Blzzba'; 
and  drawing  fg,  hi,  the  triangles  agf,  ibh,  abc,  arc  congruous  j  there- 
fore FG  is  parallel  to  cb,  and  hi  is  parallel  to  cA. 
Then  (cd  =  )  ra  :  ca  :  :   (ce=)  ri  :  cb.    ^ 

(af  — )  fa  ;  CA  :  :  (ag=:)  ab  :  ab.    >  (165) 

(BHrrJ  bc  :  BC  :  :   (bizz)  ab  :  ab.    j 

168.  Cor.  Hence,  Triangles  have  one  angle  in  each  equal,  and 
the  fides  about  thofe  equal  angles  proportional,  thofe  triangles  are  equian- 
gular and  fimilar. 

J69,  THEO- 
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169.         THEOREM    XXXr. 

In  a  right  angled  triangle,  abc,  if  a  line,  BD,  he 
drawn  from  the  right  angle  B,  perpendicular  to  the 
oppofite  fide,  AC  ;  then  will  the  triangles  abd,  bcd, 
en  each  fide  the  perpendicular,  be  ftmilar  to  the  whole 
ABC,  and  to  one  another, 

Dem.  For  in  the  triangles  abc,  adb,  the  Z.A  is  common; 

And  the  right  angle  abc zr right  angle  adb. 

Therefore  the  remaining  ^c=  Z.ABD.  (98) 

In  the  fame  manner  it  will  appear,  that  the  triangles  ABC,  BDC,  are  like. 

Therefore  the  triangles  abd,  bcd,  are  alfo  fimilar. 


170.  Cor.  I.  Hence,  AC  :  ab  :  :  ab  :  ad 


AC 
AD 


BC 

db 


:  BC 
:  DB 


DC 
DC 


\ 


(167) 


171.  Cor.  II.  Hence  a  right  line  bd,  drawn  from  a  circumference 
of  a  circle  perpendicular  to  the  diameter  AC,  is  a  mean  proportional 
between  the  fegments  ad,  dc,  of  the  diameter. 

And  adxdc=:db*,  (162) 

For  a  circle,  the  diameter  of  which  is  ac,  will  pafs  through  a,  b,  c.  (131) 

Scholium.  This  corollary  includes  what  is  ufually  called  one  of  the 
chief  properties  of  the  circle,  namely  ; 

the  fquare  of  the  Ordinate  is  equal  to  the  reSfangle  under  the  two 
Abfciffas. 

Here,  the  ordinate  is  the  perpendicular  bd  ;  and  the  two  Abfciffas  arc 
the  two  fegments  ad,  dc,  of  the  diameter  ac. 
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In  a  circle,  if  two  chords,  AB,  CD,  interfeSi  each 
tther  in  E,  either  within  the  circle,  or  without,  by  pro- 
longing them ;  then  the  re£f  angle  under  the  fegments, 
terminated  by  the  circumference  and  their  interferon, 
will  be  equal. 

That  is,  AE  X  EBrrcE  X  ed. 

Dem.  Draw  the  lines  bc,  da. 

Then  the  triangles  dea,  bec,  are  fimilar. 

For  the  angle  at  e  is  equal  (93),  or  common. 

And    the    Z.Dr=z.B,   as  ftanding  on  the  fame  arc 

AC  (129).    Then  the  other  angles  are  equal.     (98) 

Therefore  ae  :  ce  :  :  ed  :  eb.  (^^7) 

Confequently  AE  xeb=:cexed,  (i^^t) 


173.  THEO- 
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THEOREM    XXXIII. 


If  with  the  leajl  fuU  AB  of  a  given  triangle  abc,  a  femicircle  be  defcribtd 
from  the  angular  point  A  ;  meeting  the  fide  AC,  produced  in  the  points  d,  E  j 
and  from  b,  the  lines  BE,  bd,  be  drawn,  and  alfo  bg  perpendicular  to  T>  E  : 
Then  the  values  of  the  feveral  lines  AG,  CG,  GE,  GD,  be,  bd,  bg,  may  he 
exprefj'ed  in  terms  of  the  ftdes  of  the  triangle  abc,  as  follow. 


174.       ACrr 
Or      AOrr 


175- 


CG 


BC  AC   — AB 

2AC 
_ACj-f-AB*-— BC* 

2AC 

_  AC* ^AB*4-BC* 


.       (123) 
.       (121) 


2AC 


And  AC+AG  =  AC  + 


.     For  CG=AC-fAG,  or  to  AC— AGi 

AC* AB' 


2AC 

2Tc*-^BC*— AC'' 


•AB' 


2AC 


(174) 
.       (149) 


,  2HXH— CB      rr 

170.       GE=: :   Here  2h  =  ac  +  ab4-bc. 

'  2AC  ^  ' 

For    GE=:AB(AE}  +  AG=:AB4-^51±Zi!=:£l!.       (174) 

2AC 

_2AC  X  AB-|-AC*-}-AB*-- BC* 

2AC 

But  2AC  X  AB  +  AC*+AB*  =  (AC-f  AB*=;)C£*.       (II7) 

„,  /      CE*— BC*x       Cl^-t-BCXCE— BC         ,  . 

ThencE/— = — .      (iiq) 

V  2AC        /  2AC  ^       ^^ 


(149) 


_CA  +  AB  +  BC  X  CA  +  AB— BC 
~  2AC 


_2HX2H— zBC_2H  X  H~BC 


2AC 


AC 


177.  CD=: 
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ForoD=ADq:AG=AB-4:AG  =AB 


.    Here   2H  =  AC  +  AB  +  BC. 
AC* — AB*  +  BC* 


2AC 
_2ACX  \B— AC* — ^Tr*+DC' 


(174) 


2  AC 
BC* 

B' 

_AC- 

1ab*  + 

'*— CD* 

2AC 

~~ 

2  AC 

(118) 


_BC— CDXBC  +  CD 
2AC 


(119) 


_BC  +  AB— AC  XRC+AC~AB 
~"  2AC 


tH— lAC  XgH— zAB 
2AC 


178.       BE=,/— X2HXH— CB. 
V    AC 

For    BE*  =  DEXGE.       (170) 

CE* — Be*  ,       /-x 

^^ABX-    ^^^    ...       (176) 

Therefore  BE  =  -y^x5F=^  =  y^X2HXH=:cB.      (176) 

179.       BD  =  ^  "^  X  H—AC  X  2H— a4  c. 

For  BD*  =  DE  XgD.       (170) 

BC* — CD*       , 


Therefore  BD  =  */^x2<^''— CD "■•   {"^ll) 
180.       BG=  —  xVhX  H~CB  X  H—AC  X  h3 


AB. 


For  BG*rrGEXGD.     Therefore  bg=V'ge  X  ^/gd,     (170) 

AndGE  =  — XHXH— CB.    (176)      CD=— ,  XH— ACXH— AB.    (177) 

181.  CoROL.  Hence  is  derived  the  Rule  ufually  given  for  finding  th« 
area,  or  fuperficial  content,  of  a  Triangle,  the  three  fides  being  knovk'n. 

Rule.  i.  From  half  the  fum  of  the  three  fides,  fubtracl  sach  fide  feve- 
rally,  noting  the  three  remainders. 

2d.   Multiply  the  faid  half  fum,  and  the  three  noted   remainders  con- 
tinually. 

3d.  The  fquare  root  of  the  product  is  the  area  of  the  Triangle. 

182.  THEO- 
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182.  THEOREM    XXXIV.  ^     v 

If  a  regular  polygon,  ABCDEF,  he  infer  ibed  in  a  //r^-.        -^x\*- 

circle;  and  parallel  to  thefe  Jides  if  tangents  to  the  f//     \  /     \^, 

circle  be  drawn,  meeting  one  another  in  the  points     /Kn^' "XS ^\}y 

a,  by  c,  d,  e,  f;   then  Jhall  the  figure  formed  by  VA      /    \     J/f 

thefe  tangents  circumfcribe  the  circle,  and befimilar  -.^^.^  %^'"' 

to  the  infcribed  figure.  l^'"  ■ -".~~~^  "i^/ 

Dem.  Since  the  circle  touches  every  fide  of  the  figure  abcdef,  by  con- 

ftrudlion  ;  therefore  the  circle  is  circumfcribed  by  that  figure.  (41) 

Through  a  and  b,  draw  the  radii  sa,  sb,  prolonged  till  they  meet  the 

tangent  ah,  in  a,   h.  • 

Then  the  triangles  asb,  a^b,  are  equiangular. 

For  the  z.  at  s  is  common ;  and  the  other  angles  are  equal,  becaufe  ae 

and  ah  are  parallel,  by  fuppofition. 

AlfosazrsA.-  For  the  triangles  ASB,  a^b,  are  ifofceles.  (104) 

And  the  fame  may  be  proved  of  the  other  triangles  ;  and  alfo,  that  they 

are  equal  to  one  another. 

Therefore  the  figure  <T^f^^/ has  equal  fides,  and   is  equiangular  to  the 

figure  ABCDEF. 

Nov7  SA  :  s«  :  :  h^  \  ah  \  and  sa  :  sa  :  :  af  :  af,  ( 167) 

Therefore  KZ  :  ah  :  :  af  :  af.  And  the  like  of  the  other  fides.  (i55) 
Confequently  the  figures  abcdef,  abcdef,  are  fimilar.  (^45) 

183.  Cor.  I.  If  two  figures  are  compofed  of  like  fets  of  fimilar  tri- 
angles, thofe  figures  are  fimilar. 

184.  Cor.  II.  Hence,  if  from  the  angles  a,  b,  of  a  regular  polygon 
circumfcribed  a  circle,  lines  as,  bs,  be  drawn  to  the  center  s  ;  the 
chords  ab  of  the  intercepted  arcs  will  be  the  fides  of  a  fimilar  polygon, 
infcribed  in  the  circle  :  and  the  fides  ah,  ab,  of  the  infcribed  and  cir- 
cumfcriblng  polygons  will  be  parallel. 

185.  Cor.  III.  The  chords  or  tangents  of  like  arcs  in  diff'erent  circles, 
are  in  the  fame  proportion  as  the  radii  of  thofe  circles. 

For  if  a  circle  circumfcribe  the  polygon  abcdef;  then  the  fides  of  the 
polygons  abcdef,  abcdef,  are  chords  of  like  arcs  in  their  refpedlive  cir- 
cumfcribing  circles. 

And  if  a  circle  be  infcribed  in  the  polygon  abcdef,  the  fides  ab,  ab,  i^c. 
arc  tangents  of  like  arcs  alfo  :  And  thefe  have  been  (hewn  to  be  propor- 
tional to  their  radii  sa,  s^. 

i86.  Cor.  IV.  The  Perimeters  of  like  polygons  (or  the  fum  ot  their 
fides  j  arc  to  one  another  as  the  radii  of  their  infcribed  or  circumfcribed 
circles. 

For  SA  :  s<2  :  :  AB  :  ab.  (182) 

And  AR,  ab,  are  like  parts  of  the  perimeters  of  their  polygons. 
Therefore  sa  ;  sa  :  :  perimeter  abcdef  :  perimeter  abcdef.  ( iSO 

187.  THEO- 
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187.  THEOREM    XXXV. 

If  there  he  twd  regular  -and  like  polygons  applied  to 
the  fame  circle.,  the  one  infcribed  and  the  other  circum- 
fcrtbed:  Then  will  the  circcumfcrence  of  that  circle^ 
and  half  the  fum  of  the  perimeters  of  thofe  polygons, 
approach  nearer  to  equality,  as  the  number  of  fides  in 
the  polygons  increafe. 

Dem.  It  is  evident  at  fight,  that  the  circumfcribing  hexagon  fghikl 
is  lefs  than  the  circumfcribing  fquare  abed. 

And  alfo  that  the  infcribed  hexagon ^^/i/ is  greater  than  the  infcribed 
fquare  abed. 

And  in  both  cafes,  the  difference  between  the  hexagon  and  the  circle 
is  lefs  than  the  difference  between  the  circle  and  the  fquare. 

Therefore  the  polygon,  whether  infcribed  or  circumfcribed,  differs 
lefs  from  the  circle,  as  the  number  of  its  fides  is  increafed. 

And  when  the  number  of  fides  in  both  is  very  great,  the  perimeters  of 
the  polygons  will  nearly  coincide  with  the  circumference  of  the  circle  j 
for  then  the  difference  of  the  polygonal  perimeters  becomes  fo  very  fmall, 
that  they  may  be  efteemed  as  equal. 

And  yet  fo  long  as  there  is  any  difference  between  thefe  polygons, 
though  ever  fo  fmall,  the  circle  is  greater  than  the  infcribed,  and  lefs 
than  the  circumfcribed  polygons  :  Therefore  half  their  fums  may  bo 
taken  for  the  circumference  of  the  circle,  when  the  number  of  thofe  fides 
is  very  great. 

Hence,  the  circumferences  of  circles  are  in  proportion  to  one  an- 
other, as  the  radii  of  thofe  circles,  or  as  their  diameters. 

For  the  perimeters  of  the  infcribed  and  circumfcribing  polygons  are  to 
one  another,  as  the  radii  of  the  circles.  (186) 

And  thefe  perimeters  and  circumferences  continually  approach  to 
equality. 


189.  THEO- 
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189.  THEOREM    XXXVI. 

In  a  circle  afb,  if  lines,  ba,  da,  fa,  be  drawn 
from  the  extremities  of  two  equal  arcs^  BD,  df,  to  meet 
in  that  point  A  of  the  circumference  determined  by  one 
of  them,  BA,  pajjing  through  the  center ;  then  Jhall 
the  middle  line  ad,  he  a  mean  proportional  between 
the  fum  Ah  ■\- AY  of  the  extreme  lines,  and  the  radius 
BC  of  that  circle* 

Dem.  On  D,  with  the  diftance  da,  cut  af  produced  in  e. 

Then  drawing  de,  df,  db,  the  triangles  adb,  edf,  are  congruous.  (102) 

For  Z.EFD  =:(Z.FDA+Z.FAD  (96)  =  )  z.dba(i28).     Becaufe  the  arc 

dfa  =  df4-fa. 

And  Z.E=:Z.FAD  (104)  =Z_DAB,  by  conftru£lion J  and  de  =  da. 

Therefore  EFrrABj  and  ae=:ab  +  af. 

Draw  CD  ;  then  the  triangles  acd,  ade,  are  fimilar. 

For  they  are  Ifofceles  and  equiangular. 

Therefore  AC  :  AD  ::  ad  :  (ae=:)  ab  +  af.  (167) 

190.  Hence,  whence  the  radius  of  the  circle  is  exprefled  by  i,  and  one 
of  the  extreme  lines,  or  chords,  pafles  through  the  center;  then  if  the  num- 
ber 2  be  added  to  the  other  extreme  chord,  the  fquare  root  of  that  fum 
will  be  equal  to  the  length  of  the  mean  chord. 

For  fmce  ac  :  ad  : :  ad  :  ab  +  af  ( 189. )  I'h.  ad*=: ac  X  abxak.  ( 162) 
Now  if  Acm,  then  ab  =  2;  And  ad''=2  + af  ;  becaufe  multiplying  by 
r  is  ufelefs  here.     Therefore  ad^v^z+af. 

As  the  arcs  bd  and  dfa  make  a  femicircle,  they  are  called  the  fupplc- 
ments  of  one  another:  Therefore  if  the  arc  bd  is  any  part  (as,  I,  ^,  -^^_, 
(Jc.)  of  the  femicircumference  ;  then  is  the  line  da  called  the  fupple- 
mental  chord  of  that  part. 

191.  Remark.  In  the  pofthumous  works  of  the  Marquis  de  le  Hof- 
pital,  (page  319,  Englifh  edition)  this  principle  is  applied  to  the  doi^riiie 
of  angular  fedtions  ;  that  is,  to  the  dividing  of  a  given  arc  into  any  pro- 
pofed  number  of  equal  parts  :  Or  the  finding  of  the  chord  of  any  pro- 
pofed  arc. 

For  if  bf  was  any  aflumed  arc,  the  chord  of  which  had  a  known  ratio  to 
the  given  radius  bc  ;  then  as  bfa  is  a  right  angled  triangle  (130),  the 
fide  af zzlVae^ — bP  (113)  will  alfo  be  known.  And  by  this  Theorem 
the  mean  chord  ad  will  be  known;  and  alfo  db  (  — v'ab'^ — ad'')  the 
chord  of  half  the  arc  bf  will  alfo  be  known. 

And  by  bifefting  the  arc  db  in  g,  and  drawing  ag,  gb,  the  mcaa 
chord  AG  is  known  (189) ;  and  gb  [  —  V^j,"- — J.ij'^)  is  alfo  given. 

And  in  this  manner,  by  a  continual  bifecHon,  the  chc^rJ  of  a  very  fmall 
arc  may  bc  obtained;  the  practice  of  which  is  facilitated  by  article  (190) 
deduced  from  page  330  of  the  faid  work, 

19^.   Ex- 
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192.  Example.  Required  the  chord  of  the 
Yoj\  P^>'i  °f  *^*  circumference  of  a  circle^  the  ra- 
dius of  which  is  I .  Or,  required  the  fide  of  a  re- 
gular polygon  of 'ifi'^1  fides,  infer ibed  in  a  circle, 
the  diameter  of  which  is  2. 


Let  ADF  be  a  femiclrcle,  the  diameter  Ar  =  2,  and  center  c. 

Take  the  arc  AD  =  y  of  the  femicircumfcrence,  or  equal  to  60  degrees; 

and  draw  dc,  da,  df.  n 

Let  d  reprefent  the  point  where  the  arc  is  bifedted  ;  dp  the  fupple- 
mental  chord  to  that  bifedlion ;  and  let  the  marks  d,  d",  d'",  d^",  &c.  ex- 
prefs  the  bifefted  points  agreeable  to  the  number  of  bifedlions. 


193.  Now  fmce  z.acd=:6o'. 
Therefore  Z.CAD+  z.adc  =  (i8o° — 60°  =  )  120°. 

But  ^  CAD=Z.ADC  (104)  ;  then  z.  cad=  (H^=)  60**. 
Therefore  da=(dc^ac  =  )  i. 


(98) 


And  as  the  triangle  adf  is  right  angled  at  d.  (130) 

Then  df=(V'af*— adM"3J=\/4— 1  =  )  v^3=Ij73205o8o75688773 
Therefore  the  fupplemental  chord  of  the  arc 
ad,  or  of 

^ of  the  femicircumfcrence  is  fd  =  V  3 

=  \/2  + 


I  of  the  fame  (190) 


I 

5T 

TJ 

_? 
9^ 

I 

ITT 

I 

TTJ7 


is  Fi'   =V2_+FD_ 

Yd"  -'JJ±j£_ 

Yd"'   -\/2-i-Fi" 

Yd"    —  v/2  -f  Yd'" 

Yd"^    =-v^2-fF£' 
F^"'  —JT.  +  Yd"^ 
Yd"'''  —  y/l  +  FJ"' 
F^'''  ■=:.yl^-\■Yd''" 


=  1,7320508075688773 
=  1,9318516525781366 
=  1,9828897227476208 
=  1,9957178464772070 
=  1,9989291749527313 

=  i>9997322758i9i236 
=  i>999933o678348o22 
=  1,9999832668887013 
=  1,9999958167178004 
=  1,9999989541791767 


Now  Fi*"  the  fupplemental  chord  ofTsTs  being  known,  the  chord 
A^'"  of  TTi-6>  P^ft  of  the  femicircumfcrence,  or  of  y^Vaj  P'^^'  of  the  whole 
circumference,  is  alfo  known. 


That  is  hd'"^  =  ( Y^Af '^ — F^ix*  = )  Y/4— 2^FdViii=  0,0020453073606764 

194.  Confequentl}',  the  fide  of  a  regular  polygon  of  3072  fides,  in- 
fcribed  in  a  cirdc  whofe  diameter  is  2,  is  0,0020453073606764 


105.  Tht 
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195.  The  fide  of  a  fimilar  polygon  circumjcribtng     E       I_        B 

the  fame  circle,  the  center  of  which  is  c,  may  be  thus   J^^^—- 

found.  \ 

Let  BE  be  the  fide  of  the  clrcumfcribed  polygon  ;  \ 

and  draw  bc,  ec,  cutting  the  circle  in  d  and  a. 

Draw  DA,  and  it  will  be  the  fide  of  the  infcribed 
polygon;  and  is  parallel  to  BE.  (184)  ^' 

Draw  CI  bifeiling  the  angle  bce,  and  it  will  blfe£l  BE  and  DA  at  right 
angles  (103).,    And  dg  — (|da=:  )  |A<af". 
Then  CGri:-/cD^__fj^^=:v/i  — {I^x^. 

But  f  A</''^=:o,ooio2265368o338.  And  its  fquare  is  0,00000104582055 
Which  fubtraiSled  from  I  leaves  0,99999895417945 

Whofe  fquarc  root,  or  CG,  is  equal  to  0^99999947708959 

Now  the  triangles  cbi,  cdg,  are  fimilar. 
Then  cg  :  ci  :  ;  2dg  :  2bi.  (167,  151) 

Therefore  (2 Bi  =  )  be=:( (164)=:) — ;  For  icni. 

CG  CG 

^         0,002045-207^606764  _       _ 

Or  BEn ^'^-^■^y — ^=0,0020453084301895 

which  is  the  fide  of  a  regular  polygon  of  3072  fides,  circumfcribing  a 
circle  the  diameter  of  which  is  2. 

196.  Scholium.  TJie  fide  of  a  regular  polygon  of  3072  fides,  in- 
fcribed in  a  circle,  the  diameter  of  wliich  is  2,  is  0,0020453073606764. 
( 194).  Which  multiplied  by  3072,  will  give  the  perimeter  of  that  poly- 
gon, which  is  6,2831842119979622. 

The   fide   of  a   fimilar   po]yg(*i,   circumfcribing    the    fame    circle    is 

0,0020453084301895.  (195) 
Which  multiplied    by    307  ?■>   will  give  for   the  perimeter  of  that  po- 
lygon ^  6,2831874973420925. 
The  fum  of  thcfe  perimeters  is                    12,5663717093400547. 

The  half  fum  is  6,28318585,  ^r. 

Which  is  very  nearly  equal  to  tlie  circumference  of  a  circle,  the  diameter 
©f  which  is  2  (187),  the  dift'ercnce  between  it 
c  and  the  infcribed  polygon  being  only  0,00000164,  i^c. 

\  and  the  circumfcrlbcd  polygon  being  only     0,00000164,  l^c. 

197.  Now  the  circumferences  of  circles  being  in  the  fame  proportion, 
as  their  diameters.  f  188) 
Therefore  the  diameter  of  a  circle  being  I, 

The  circumference  will  bc  3)  H^^  592>  ^f  •  which  agrees  with  the 

circumference  as  found  by  other  metliods. 
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0/  Planes  and  Solids, 

Definitions  and  Principles.   . 

198.  A  line  is  faid  to  be  in  a  plane,  when  it  pafles  through  two  or  more 
points  in  that  plane ;  and  the  common  fcdlion  of  two  planes  is  a  line 
which  is  in  both  of  them. 

199.  The  Inclination  of  two  meeting  planes  ab, 
CD,  is  meafured  by  an  acute  angle  gfh,  made  by 
.two  right  lines  fg,  fh,  one  in  each  plane,  and  both 
drawn  perpendicular  to  the  common  fe<Stion  de,  of 
thefe  planes  from  f,  fome  point  in  it. 

200.  A  right  lijie  de  interfecSling  two  fides  Ac, 
BC,  of  a  triangle  abc,  fo  as  to  make  angles  CDE, 
CED,  within  the  figure,  equ^U  to  the  angles  cba, 
CAB,  at  the  bafe  ab,  but  with  contrary  fides  of  the 
triangle,  is  faid  to  be  in  a  fubcontrary  pofition  to 
the  bafe. 

201.  If  a  circle  in  an  oblique  pofition  be  viewed, 
it  will  appear  of  an  oval  form,  as  abcd  j  that  is,  it 
will  feem  to  he  longer  one  way,  as  ac,  than  another, 
as  DBj  neverthelefs  the  radii  ea,  eb,  are  to  be 
elleemed  as  equal.  And  the  fame  niuft  be  under- 
ilood  in  viewing  any  regular  figure,  when  placed 
obliquely  to  the  eye.  • 

202.  If  a  line  be  fixed  to  any  point  c  above  the 
plane  of  a  circle  adbe,  and  this  line  while  ftretchcd 
be  moved^ round  the  circle,  fo  as  always  to  touch 
it ;  then  a  folid  which  would  fill  the  fpace  pafiTed 
over  by  the  line,  between  the  circle  and  the  point  A 
t,  is  called  a  Cone. 

203.  If  the  figure  adbe  had  been  a  polygon,  and  the  ftretched  line  had 
moved  nlong  its  fides,  the  figure  which  would  then  have  been  defcribcd, 
is  called  a  Pyramid. 

So  that  Cones  and  Pyramids  are  folids  which  regularly  taper  from  a 
circle,  or  polygon,  to  a  point. 

The  circle  or  polygon  is  called  the  Bafe ;  and  the  point  c  the  Vertex. 

When  the  vertex  is  perpendicularly  over  the  middle  or  center  of  the 
bafe,  then  the  folid  is  called  a  Right  Cone,  or  a  Right  Pyramid  j 
cthcrwife  an  Oblique  Cone,  or  Oblique  Pyramid. 

204.  If  a  Cone  or  Pyramid  be  cut  by  a  plane  pa/ling  through  the  ver- 
tex t,  and  c«nt^T  of  the  baie  r,  the  fcction  ap.c,  or  tDC,  is  a  triangle. 
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205.  A  right  line  ab,  is  perpendicular  to  a  plane  CD, 
when  it  makes  right  angles  abe,  abf,  abg,  with  all 
the  right  lines  be,  bf,  eg,  drawn  in  that  plane  to  touch 
the  faid  right  line  ab.  t 

206.  So  that  from  the  fame  point  b,  in  a  plane,  only 
one  perpendicular  can  be  drawn  to  that  plane  on  the 
fame  fide. 

207.  A  plane  ab,  is  perpendicular  to  a  plane  cd, 
when  the  right  lines  ef,  gh,  drawn  in  one  plane  ab,  at 
right  angles  to  fb,  the  common  fec^tion  of  the  two 
planes,  are  alfo  at  right  angles  to  the  other  plane  cd. 


208.  So  that  a  line  ef,  perpendicular  to  a  plane  cd,  is  in  another  plane 
AB,  and  at  right  angles  to  fb,  the  common  fe6lion  of  the  two  planes. 
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If  two  planes  ab,  cd,  cut  each  othc}\  their  common  fe^ion 
BD,  will  be  a  right  line. 


Dem.  P'or  if  it  be  not,  draw  a  right  line  deb  in  the  plane  ab,  from  the 
point  d  to  the  point  b  ;  alfo  draw  a  right  line  dfb  in  the  plane  bc. 

Then  two  right  lines  deb,  dfb,  have  the  fame  terms,  and  include  a 
fpacc  or  figure,  which  is  abfurd.  ^7) 

Therefore  deb  and  dfb  are  not  right  lines  :  Neither  can  any  other 
lines  drawn  from  d  to  e,  befides  bd,  be  riglit  lines. 

Confequently  the  line  Dn,  the  common  fedion  of  the  planes,  is  a  right 
line. 


210. 
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'  If  two  planes  ab,  cd,  tuhich  are  both  perpendicular 
to  a  third  plane  ef,  cut  one  another  ;  their  interfeSfion 
HG  is  at  right  angles  to  that  third  plane  EF. 


Dem.  For  the  common  feaion  of  ab  and  CD  is  a  right  line  gh.  (209) 
Alfo  HB,  HD,  arc  the  common  fcdions  of  ab,  CD,  with  the  plane  ef. 

Now  from  the  point  h,  a  line  hg  drav/n  perpendicular  to  the  plane  EF, 
muft  be  at  riglit  angles  to  HB,  hd.  (20$) 

But  HC  muft  bc  in  both  planes  ab,  CD.  (2Ccj) 

Therefore  it  muft  be  in  the  common  feilion  of  thofe  planes. 

Confequently  the  fection  hg  of  the  planes  ab,  cd,  is  at  right  angles  to 
the  plane  ef. 
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77>e  fg^ionsy  aebdy  of  a  Cone  or  Pyramid  caebd, 
which  are  parallel  to  the  bafe  aebd,  are^imilar  to  that 
hafe, 

Dem.  For  let  afbc,  dfec,  be  fcftions  through  the 
vertex  c,  and  center  f  of  the  bafe. 

Then  thcfe  fetSt^ions  will  cut  one  another  in  the 
right  line  fc  (209),  and  the  tranfvcrfe  fedtion^^^^, 
in  the  right  lines  ab^  and  ed^  interfe<5ting  \\\f. 

Then  are  the  following  fets  of  triangles  fimilar ; 
namely,  afc,  afo. ;   bfc,  bfc  j   ore,  dfz  j   efc, 


tfc. 

Wherefore  fc  :/c  : 


FA  '■  fa'^ 

FB  '.fbl. 


any 


other 


fedlions 
(165) 


And    the    like    in 
FD  :yW  ^through  c  and  f. 
:  :  fe  :fe  J 

Nowin  theCone,  FA  =  FB=FDrrFE  ;  therefore /<z=/j&=/^=/>.  (151) 
So  that  ail  the  right  lines  drawn  from /to  the  circumference  of  the  figure 
adbe  are  equal  to  one  another. 

Confequently  the  figure  adbc  is  a  circle.  (9) 

And  in  the  Pyramid,  fc  i/c  :  :  dc  :  ^c  :  :  db  :  ^ii  :  :  da  '.  da. 
TC  :  fc  :  :  EC  :  ec  :  :  EA  :  ca  :  :  eb  :  eb. 
Therefore  in  each  pair  of  corrcfponding  triangles  in  the  bafe  and  tranfverfc 
fcction,  the  fides  are  refpc<Slively  proportional. 

Confequently,  as  the  bafe  and  tranfverfe  fe£tion  are  compofed  of  like  fets 
of  fimilar  triangles ;  therefore  they  are  alfo  fimilar,  (i^S) 

\A 
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Jf  a  Cone  ablcK,  the  bafe  of  which  is  a  circle 
CBLCK,  be  cut  by  a  plane  in  a  fubcontrary  poftion 
is  the  bafcy  thef&^ion  dieh  will  be  a  circle. 


Dem.  Through  the  vertex  a,  and  center  of  the  bafe,  let  the  triangular 
le£lion  Ajac  be  taken,  fo  as  to  be  at  right  angles  to  the  planes  of  the  bafe 
BKCL,  of  the  fubcontrary  fedion  dieh,  and  of  the  fedlion  figh,  taken 
parallel  to  the  bafe,  and  cutting  the  fubcontrary  fc£lion  in  the  line  lOH. 
Theieforc  ion  is  perpendicular  to  de  and  fg  (210)  cutting  one  another 
in  o. 

Now  the  fec^ion  FIGH  is  a  circle  (211).  Therefore  fo  xoG =01*.  (171) 
Again  the  triangles  goe,  fod,  are  fimilar. 

For  Z.GEO=:  Z.DFO=Z.ABcby  conftr.  And  Z.Goe=:Z.DOF.  (93) 
Therefore  eg  :  og  :  :  fo  :  do  (167.)  And  eoxdo=:fo  Xog(i62)=:oi'. 
So  that  01  is  a  mean  proportional,  either  between  fo  and  oc,  or  do  and 
10.  But  as  the  fame  would  happen  wherever  fg  cuts  de  ;  therefore  all 
the  lines  01,  both  in  the  fc6tions  figh  and  dieh,  are  lines  in  a  circle. 
Confequently  the  icclion  dieh  is  a  circle, 
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213.  If  the  fe<SlIon  cut  both  fides  of  the  cone  not  in  a  fubcontrary  pp- 
fition  to  BC,  the  diameter  of  the  bafe,  then  the  fedlion  (fuppofe  it  ftill) 
DiEH,  is  called  an  Elliptic  section,  which  though  not  a  circle,  will 
be  a  bounded  curve,  longer  one  way  than  the  other ;  and,  like  a  circle, 
return  into  itfelf. 

>  The  curve  dieh  is  called  an  Ellipfis. 

.  214.  The  line  de,  the  Transverse  Diameter  or  Axis. 

The  line  oh  dr  01,  is  called  an  Ordinate. 

115.  The  ordinate  through  the  middle  of  de,  is  called  the  Conju- 
gate Axi^ 

The  interfe(Stion  of  the  Tranfverfe  and  Conjugate  Axes,  is  called  the 
Center  of  the  Elliplis.  , 

216.  If  a  circular  arc  be  defcribed,  with  a  radius  equal  to  half  the 
Tranfverfe  Axi?,  from  one  end  of  the  Conjugate  Axis,  its  interfedlions 
with  the  Tranfverfe  Axis,  are  called  Foci,  one  on  each  lide  of  the  center 
of  the  Ellipfis. 

217.  Every  right  line  pafling  through  the  center  of  the  Ellipfis,  and 
terminated  at  each  end  by  the  curve,  is  called  a  Diameter. 

218.  The  radius  that  would  defcribe  a  circular  arc  of  the  fame  curva- 
ture witJi  the  ellipfis  at  any  point  of  it,  is  called  the  radius  of  curva- 
ture. 

A  Tangent  to  any  point  in  the  Ellipfis,  is  a  right  line  perpendicular 
to  the  radius  of  curvature  at  that  point. 

219.  Two  Diameters  being  fo  drawn,  that  one  is  parallel  to  a  tangent, 
and  the  other  pafics  through  the  point  of  contact ;  thofc  two  Diameters 
arc  faid  to  be  Conjugate  Diamkters  ;  and  ha\'c  certain  relations  to 
their  Ordinates,  Tangents,  Radii  of  Curvature,  and  other  lines  belonging 
to  the  Ellipfis. 

220.  A  third  proportional  to  any  two  Conjugate  Diameters,  is  called 
the  Parameter. 
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SECTION     VI. 
Of  the  Spiral. 


221.  Suppofe  the  radius  ef  a  circle  to  revolve  with  an  uniform  motion 
round  its  center,  and  while  it  is  fo  revolving,  let  a  point  monie  along  the  ra- 
dius ;  then  will  the  fuccejjive  places  of  that  point  he  in  a  curve,  which  is 
called  afpiral. 

.  This  will  be  readily  conceived  by  imagining  a  fly  to  move  along  the 
fpoke  of  a  wheel,  while  the  wheel  is  turning  round. 

If  while  the  radius  revolves  once,  the  point  has  moved  the  length  of 
the  radius  ;  then  the  fplral  will  have  revolved  but  once  round  the  center, 
or  pole  J  confequently  the  motion  in  the  circumference  is  to  the  motion 
in  the  radius,  as  the  circumference  is  to  the  radius  :  And  if  the  wheel  re- 
volves twice,  thrice,  or  in  any  proportion  to  the  motion  in  the  radius  ; 
then  the  fpiral  will  make  fo  many  turnsj  or  parts  of  a  turn,  round  the 
center. 

222.  Now  fuppofe,  while  the  radius  revolves  equably,  a  point  from  the 
circumference  moves  towards  the  center,  %vith  a  motion  decreafing  in  a  geome- 
tric prcgrejjion  ;  then  will  a  fpiral  be  generated,  which  is  called  a  propor- 
iionalfpiral. 

Let  the  radius  ca  be  divided  in  any  continued  de- 
creafing geometric  progreflion  (90),  as  of  10  to  8  ; 
then  the  feries  of  terms  will  be  10  ;  8  ;  6,4  ;  5,12  j 
4*096  ;  3,2768  ;  2,62144,  b'c.  Alfo  let  the  cir- 
cumference be  divided  into  any  number  of  equal 
parts,  in  the  points  d,  e,f,  g,  i5'c.  Then  if  the  feveral 
divifions  of  the  radius  ca  be  fucceffively  transferred 
from  the  center  c,  cutting  the  other  radii  in  the 
points  D,  E,  F,  G,  &c.  and  a  curved  line  be  evenly 
drawn  through  thofe  points,  it  will  be  a  fpiral  of  the  kind  propofed. 

223.  From  the  nature  of  a  decreafing  geometric  progreffion,  it  is  eafy 
to  corxeive  that  the  radius  ca  may  be  continually  divided  ;  and  although 
each  fucccflive  divifion  becomes  fhorter  than  the  next  preceding  one,  yet 
if  ever  fo  great  a  number  of  divifions,  or  terms,  be  taken,  there  will  ftill 
remain  a  finite  magnitude. 

224.  Hence  it  follow*,  tliat  this  fpiral  winds  continually  round  the 
center,  and  does  not  fall  into  it  till  after  an  infinite  number  of  re- 
volutions. 

Alfo,  that  the  number  of  revolutions  decreafe,  as  the  number  of  the 
equal  parts,  into  which  the  circumference  is  divided,  increafes, 
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Any  proportional  fpiral  cuts  the  intercepted  radii  at 
equal  angles.  ^.        - 

Dem.  If  the  dlvifions  A//,  de^  ef^  fg^  l^c.  of  the 
circumference  were  very  fcnall,  then  would  the  fe- 
veral  radii  be  fo  clofe  to  one  another,  that  the  in- 
tercepted parts  AD,  DE,  EF,  FG,  &c.  of  the  fpiral, 
might  be  taken  as  right  lines. 

And  the  triangles  cad,  cde,  cef,  ^c  would  be  fimilar,  having  equal 
angles  at  the  point  c,  and  the  fides  about  thofe  angles  proportional.'  ( 168) 
Therefore  the  angles  at  a,  d,  e,  f,  l^c.  being  equal,  the  fpiral  mull  ne- 
cefTarily  cut  the  radii  at  equal  angles. 

226.  THEOREM    XUI. 

If  the  radii  of  any  proportional  fpiral  be  taken  as  nitmhers^  then  will  the 
correfponding  arcs  of  the  circle-,  reckoned  from  their  commencement ^  he  as  the 
logarithms  of  thofe  numbers. 

Dem.  As  the  lines  ca,  cd,  ce,  cf,  cg,  i^c.  are-a  feries  of  terms  in 
geometric  progreflion ;  and  the  arcs  a^,  a^,  A/i  a^,  &c.  are  a  feries  of 
terms  in  arithmetic  progreflion  ;  therefore  thefe  arcs  may  ferve  (I,  66)  as 
the  indices  to  the  geometric  terms,  and  be  thus  placed  j 

Radii  of  the  fpiral  CA^  cn^  CE^  C¥,  CG^  ^c.  Geometric  terms. 
Correfponding  arcs    0,  Ad^  a^,   a/,  a^,  ^c,  Arithm.  terms,  or  indices. 

In  this  difpofition,  the  firfi:  term  CA  is  not  diftant  from  itfelf,  therefore 
its  index  is  reprefented  by  o. 

Then  if  the  diftance  of  the  fecond  term  CD  from  the  firft  term  ca  be  ex- 
prefled  by  the  arc  Ad\  the  diftance  of  the  third  term  ce,  from  ca,  will  be 
expreflcd  by  the  arc  ac  ;  and  fo  of  the  reft. 

Confequently,  if  the  terms  in  the  geometric  feries  be  reprefented  by 
numbers,  taken  as  parts  of  the  radius,  then  the  numbers  of  the  fame  kind, 
expreffing  the  meafures  of  the  arcs,  or  indices,  will  be  as  the  logarithms  of 
the  geometric  terms.  (I.  73) 

227.  CoROL.  If  the  difference  between  ca  and  CB  was  indefinitely 
fmall,  or  CA  and  cb  were  nearly  in  a  ratio  of  equality;  then  migiit  the 
number  of  proportional  lines  into  which  ca  could  be  divided,  be  fo  miny, 
that  any  propofed  number  might  be  found  among  the  terms  of  this  feiics; 
and  if  the  number  of  parts  in  the  circumference  was  incrcafed  in  like  man- 
ner, then  would  every  term  of  the  proportional  divifion  of  the  radius  ca 
have  its  correfponding  index  among  the  equal  divifions  of  the  circumfe- 
rence i  and  confequently  would  exhibit  the  logarithms  of  all  numbers. 
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^ere  may  be  almoji  (m  wfinite 
variety  of  proportional fpir  ah,  and 
as  many  different  kirns  of  Jaiaz 
ritkms,  '  ■  .i  1 


Dem.  For  with  the  fame  equal  dlvifions  a^,  de,  ef  isfc.  of  the  circum- 
ference, every  variation  in  the  ratio  of  ga  to  cb,  as  of  ca  to  c^,  will  pro- 
duce a  different  fpiral,  Acitm. 

And  with  the  fame  divifions  of  the  radius  ca,  and  difFerent  fets  of  equal 
parts,  Ad,  de,  ef,  &c.  and  a/>,  pq,  qr,  ^(.  pf  the  circumference,  may  be 
formed  difFerent  fpirals  adef,  ahik. 

Alfp,  varying  at  the  fame  time  both  the  divifions  pf  the  radius  and  cir- 
cumference, difFerent  fpirals  will  be  produced. 

But  the  variations  in  thefe  three  cafes  may  be  ahnofl  infinite  :  There- 
fore the  number  of  fuch  fpirals  are  almoft  infinite. 

Now  it  is  evident,  that  there  is  a  peculiar  relation  between  the  rays  of 
any  fpiral,  and  the  correfponding  arcs  of  the  circle  ;  that  is,  between  the 
terms  of  a  geometric  progreflion,  and  its  indices:  l^herefore  there  maybe 
as  many  kinds  of  logarithms,  as  there  are  proportional  fpirals. 
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That  proportional  fpiral  which  interfeSfs  equidijlant  rays  at  an  angle  of  i^^ 
degrees,  produces  logarithms  that  arc  (t/"  Nepier'j  kind. 

Dem.  Suppofe  AB,  the  diftercnce  between  ca  and  cb,  the  firfl  and  fe- 
cond  terms  of  the  geometric  progrellion,  to  be  indefinitely  fmall,  and  take 
A/»,  the  logarithm  of  cb,  equal  to  ab  ;  then  may  the 'figure  abh/)  be  taken 
as  afquare,  whofe  diagonal  ah  would  be  part  of  the  fpiral  ahik,  <;nd  the 
angle  bah  would  be  half  a  right  one,  or  45  degrees. 

Therefore  that  fpiral  which  cuts  its  rays  ca,  ch,  <^c.  at  angles  of  45 
degrees,  has  a  kind  of  logarithms  belonging  to  it,  fo  related  to  their  cor- 
refponding numbers,  that  the  fmalleft  variation  between  the  firft  and  fecond 
numbers  is  equal  to  the  logarithm  of  the  fecond  number. 

But  of  this  kind  were  the  firfl  logarithms  made  by  Lord  Nepier. 

Therefore  the  logarithms  to  the  fpiral  which  cuts  its  cquidiftant  rays  at 
an  angle  of  45  degrees,  are  of  the  Nepierian  kind. 


END    o  F    B  O  O  K    It, 


THE 


THE 

ELEMENTS 

O  F 

NAVIGATION, 


BOOK     III. 

OF    PLANE    TRIGONOMETRY. 


SECTION    I. 

Definitions  and   Principles, 

i.T)LANE  TRIGONOAIETRY  is  an  art  which  fhews  how 

Jl  to  find  the  meafures  of  the  fides  and  angles  of  plane  Triangles, 
fome  of  them  being  already  known. 

It  will  be  proper  for  the  learner,  before  he  reads  the  following  Articles, 
to  turn  to  the  definitions  relative  to  a  circle  and  angle,  contained  in  th^ 
Articles  8,  9,  10,  il,  12,  13,  14,  15,  16,  17,  18,  19,  and  36,  of 
Book  II. 

2.  A  Triangle  confifts  of  fix  parts ;  namely,  three  fides  and  three 
angles. 

The  fides  of  plane  triangles  are  denoted,  or  eftimated  by  meafures  of 
length  J  fuch  as  Feet,  Yards,  Fathoms,  Furlongs,  Miles,  Leagues,  i^c. 

The  angles  of  triangles  are  eftimated  by  circular  meafures,  that  is,  by 
arcs  containing  Degrees,  Minutes,  Seconds,  iJc,  (II.  15)  ;  and  for  con- 
venience thcfe  circular  meafures  are  reprefentcd  by  right  lines,  called 
right  fines,  tangents,  fecants,  and  verfed  fines. 
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3.  The  Right  Sine  of  an  arc,  is  a  right  line  drawn  from  one  end  of 
the  arc  perpendicular  to  a  radius  drawn  to  the  other  end  :  Or  it  is  half  the 
chord  of  the  double  of  that  arc. 

Thus  AH  is  the  right  fine  of  the  arc  ac  •/  and 
alfo  of  the  arc  dba. 

4.  The  Tangent  of  an  arc,  is  a  right  line 
touching  one  end  of  the  arc,  and  continued  till  it    P 
meets  a  right  line  drawn  from  the  center  through  the 
other  end  of  that  arc. 
Thus  GF  is  the  tangent  of  the  arc  ga.  *; 

5.  The  Secant  of  an  arc,  is  a  right  line  drawn  through  the  center  and 
©ne  end  of  the  arc,  and  produced  till  it  meets  the  tangent  drawn  from  the 
other  end. 

Thus  CF  is  the  fecant  of  the  arc  ag. 

6..  The  Versed  Sine  of  an  arc,  is  that  part  of  the  radius  intercepted 
between  the  arc  and  its  right  fine. 

Thus  HG  is  the  verfcd  fine  of  the  arc  AG. 

7.  The  Complement  of  an  arc,  is  what  that  arc  wants  of  90 
degrees. 

Thus  if  the  arc  cBr:  90®.  Then  ab  is  called-thc  complement  of  ag  ; 
and  AG  is  the  complement  of  ab. 

8.  The  Supplement  of  an  arc,  is  what  that  arc  wants  of  180 
degrees. 

Thus  the  arc  add  is  the  fupplement  of  ag  ;  and  ag  of  abd. 

9.  The  Co-sine  of  an  arc,  is  the  right  fine  of  the  complefitient  of  that 
arc. 

The  Co-tangext  of  an  arc,  is  the  tangent  of  that  arc's  complement. 

The  Co-secant  of  an  arc,  is  the  fecant  of  its  complement. 

The  Co- versed  Sine  of  an  arc,  is  the  verfed  fine  of  its  complement. 

Thus  ai,  be,  ce,  bi,  being  refpedlively  the  fine,  tangent,  fecant,  and 
verfed  fine  of  the  arc  ab,  which  is  the  complement  of  ag  j  therefore  ai 
fs  called  the  co-finej  be  the  co-tangent,  ce  the  co-fecant,  bi  the  co-verfed 
fme,  of  the  arc  ag. 

The  right  lines,  called  fines,  tangents,  fecants,  and  verfed  fines,  are 
ufed  as  well  for  the  meafures  of  angles,  as  for  the  arcs  which  meafure 
thefe  angles :  And  it  is  as  common  to  fay  the  fine,  tangent,  ^f.  of  anangle, 
as  the  fine,  tangent,  is'c.  of  an  arc, 

10.  The 
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10.  The  greateft  right  fine,  is  the  fine  of  90"  j  and  the  fines  to  arcs 
lefs  than  90°,  ferve  equally  for  arcs  as  much  greater  than  90*. 

Thus  the  fines  of  80°  and  lOO^j  of  60°  and  120°^  of  40°  and  i/^0%t^c. 
are  refpedlively  equal. 

11.  The  fame  tangent  and  fecantwill  ferve  to  arcs  equally  diftant  from 
90  degrees  ;  that  is,  to  any  arc  and  its  fupplement. 

Thus  if  the  arc  BAGsigo",  and  bkitba;  then  the  arcs  gn,  ga,  dk, 
are  equal ;  and  the  arcs  gak  and  CN,  or  dk,  are  fupplements  to  one  an- 
other :  Then  the  fine  km,  the  tangent  gl,  the  fecant  cl,  of  the  arc  gbk, 
are  refpedively  equal  to  the  fine  ah,  the  tangent  gf,  the  fecant  cf  of  the 
arc  GA. 

12.  When  an  arc  is  greater  than  90%  the  fine,  tangent,  fecant,  cf  the 
fupplement  is  to  be  ufed. 

13.  The  chord  of  an  arc  is  equal  to  twice  the  co-fine  of  half  the  f«p- 
plemental  arc. 

Thus  AN,  the  chord  of  the  arc  agn,=:2ci,  the  co-fine  of  the  arc  AB, 
and  AB  is  half  of  the  arc  abk,  the  fupplement  of  agn. 

14.  The  verfed  fine  and  co-fine  together,  HG-f  CH  of  any  arc  AG,  is 
equal  to  the  radius  ;   ch  being  equal  to  ax. 

15.  The  fines,  tangents,  fecants,  or  verfed  fines  of  fimilar  arcs  in  dif- 
ferent circles,  are  in  the  fame  proportion  to  one  another,  as  the  radii  of 
thofe  circles.  (II.  185) 

16.  The  angles  of  two  triangles  may  be  refpeftively  equal,  although 
their  fides  maybe  unequal. 

Therefore  in  a  triangle  among  the  things  given,  in  order  to  find  the 
reft,  one  of  them  muft  be  a  fide. 

In  Trigonometry,  the  three  things  given  in  a  triangle  muft  be  either, 
I  ft.  Two  fides  and  an  angle  oppofite  to  one  of  them. 
2d.  Two  angles  and  a  fide  oppofite  to  one  of  them. 
3d.  Two  fides  and  the  included  angle. 
4th.  The  three  fides. 

In  either  cafe,  the  other  three  things  may  be  found  by  the  help  of  a  few 
Theorems,  and  a  Triangular  Canon^  which  is  a  table  where  is  orderly 
infcrted  every  degree  and  minute  in  a  quadrant  or  arc  of  90  degrees  ;  and 
againft  them,  the  meafurcs  of  the  lengths  of  their  correfponding  fines,  tan- 
gents, and  fecants,  eftimated  in  parts  of  the  radius,  which  is  ufually 
fuppofed  to  be  divided  into  a  number  of  equal  parts,  as  10,  100,  1000, 
loooo,  1 00000,  i^c. 
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PROPOSITION    I. 

17.  To  find  the  lengths  of  the  Chords,  Sines,  Tangents,  and  Secants  ta 
arcs  of  a  circle  of  a  given  radius. 

Construction.  Through  each  end  of  the      | 
given  radius  cd,  and  at  right  angles  to  it  (II.    — 
60)  draw  the  lines  cf,  dg  :  On  c,  with  the 
radius  cd,  defcribe  the  quadrantal  arc  da,  and 
draw  the  chord  da. 

16.  For  THE  Chords.  Trifeft  the  arc  ad 
(II.  61.),  and  (by  trials)  trife6l  each  part ;  then 
the  arc  ad  will  be  divided  into  9  equal  parts 
of  10  degrees  each;  if  thefe  arcs  are  divided 
each  into  10  equal  parts,  the  quadrant  will  be 
divided  .into  ,90  degrees  :  Bur,  in  this  fmall 
figure,  the  divifions  to  every  ip  degrees  only 
are  retained,  as  in  (II,  83). 

From  D,  as  a  center,  with  the  radius  to  each 
divifion,  cut  the  right  line  da  ;  and  it  will 
contain  the  chords  of  the  leveral  arcs  into 
vhich  the  quadrantal  arc  ad  was  divided. 

For  the  diftances  from  d  to  the  fevcral  di- 
vifions of  the  right  line  da,  are  thus  made  re- 
fpedlively  equal  to  the  diftances  or  chords  of 
the  feveral  arcs  reckoned  from  d. 

19.  For  the  Sines.  Through  each  of  the 
divifions  of  the  arc  ad,  draw  right  lines  pa- 
rallel to  the  radius  AC  ;  thefe  parallel  lines  will 
be  the  right  fines  of  their  refpedtive  arcs,  and 
CD  will  be  divided  into  a  line  of  fines,  which 
are  to  be  numbered  from  c  to  d,  for  the  right 
fines  i  and  from  d  to  c  for  the  verfed  fines. 

For  the  diftance  from  c  to  the  feveral  divifions  of  the  right  line  cd,  arc 
refpeclively  equal  to  the  fines  of  the  feveral  arcs  beginning  from  a. 
.    20.  For  the  Tangents.     A  ruler  on  c,  and  the  ieveral  divifions  cf 
the  arc  ad,  will  interfecl  the  line  dg  ;  and  the  diftances  from  D  to  the 
Jcveral  divifions  of  dg,  v/ili  be  the  lengths  of  the  feveral  tangents. 

21.  For  the  Secants.  From  the  center  c,  witli  radii  to  the  divi- 
fions of  the  tangents  dg,  cut  the  line  cf  ;  and  the  diftances  from  c  to  the 
feveral  divifions  of  cf,  will  be  the  lengths  of  the  fecants  to  the  feveral  arcs. 

For  thefe  lengtr.s  are  made  rcfpectively  equal  to  tlic  fecants  reckoned 
fr«m  c  to  the  feveral  divifions  of  the  tanfent  do. 
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22.  If  the  figure  was  fo  large,  that  the  quadrantal  arc  could  contain 
every  degree  and  minute  of  the  quadrant,  or  5400  equal  parts  j  then  the 
chord,  fine,  tangent,  and  fecant  to  each  of  them  could  be  drawn.  Now  a 
fcale  of  equal  parts  being  conftrudled  (II.  81),  1000  of  which  parts  are 
equal  to  the  radius  cd  j  then  the  lengths  of  the  feveral  fines,  tangents,  and 
fecants  may  be  meafured  from  that  fcale,  and  entered  in  a  table  called  the 
triangular  canon,  or  the  tat)Ie  of  fines,  tangents,  and  fecants. 

But  as  thefe  meafures  cannot  be  taken  with  fufficient  accuracy  to  ferfe 
for  the  computation  to  which  fuch  tables  are  applicable;  therefore  the 
feveral  lengths  have  been  calculated  for  a  radius  divided  into  a  much  greater 
number  of  equal  parts  j  as  is  fhcwn  in  the  following  articles. 


23. 


PROP.     II. 


In  any  circle  the  chord  of  bo  degrees^  is  equal  to  the  radius :  and  the  fine 
*f  30  degrees  is  equal  to  half  the  radius, 

Dem.  Let  the  arc  cb,  or  z.  cab =60  degrees  5 

and  draw  the  chord  ce. 

Now  fince  the  radii  AC  and  ab  are  equal ;  (II.  9) 

Therefore  AC  =rZ.B.  (II.  104) 

And  the  Ac  +  Z.b=  (180*'—  (Aa  =  )  60°  =  ) 

120°  (II.  96) 

Therefore  A  c,  or  A  B  =  (half  120° ;  or=)  60'' 

=:Aa 

Confequently  cb=:ab=ac. 

From  A,  draw  the  radius  ae  perpendicular  to  c^. 

Then  ae  bifedls  the  arc  cb,  and  its  chord. 

And  confine  of  (the  arc  cE=half  of  60°=)  30'. 

Confequently  cd  is  equal  to  half  the  radius  ab, 

24.  Hence,  Twice  the  co-fine  of  bo  degrees  is  equal  to  the  radius. 
For  30"  is  the  complement  of  60°,  and  twice  the  fine  of  30°  is  equal 
to  the  radius. 


(II.  124) 
(3) 


25. 


PROP.     III. 


to  find  the  fine  of  one  minute  of  a  degree. 

It  is  evident  (11.  187),  that  the  lefs  the  arc  is,  the  lefs  is  the  difFcrence 
between  the  arc  and  its  fine,  or  half  chord ;  fo  that  a  very  fmall  arc,  fuch 
as  that  of  one  minute,  may  be  reckoned  to  differ  from  its  fine,  by  fo 
fmall  a  quantity,  that  they  may  be  cftcemed  as  equal ;  and  confequently 
may  be  expreffcd  by  the  fame  number  of  fuch  equal  parts  of  which  the 
radius  is  fuppofed  to  contain  i,000oo,  13 c.  which  is  readily  found  by  the 
following  proportion. 

As  the  circumference  of  the  circle  in  minutes  21600 

Tothccircumf.  in  equal  parts  of  the  radius  (II.  196)  6,283185 

So  is  the  arc  of  one  minute  I, 

To  the  correfponding  parts  of  the  radius  0,0002908881 

So  that  for  the  fine  of  one  minute,  may  be  taken      0,0002908882 
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PROP.    IV. 


In  a  feries  of  arcs  in  arithmetic  progrejjion,  the  fine  of  any  one  of  them, 
taken  as  a  mean,  and  the  fum  of  the  fines  of  any  other  two,  taken  as  equi- 
Jijiant  extremesy  are  ever  in  a  conftant  ratio,  of  ra4ius\tQ  twice  the  co-ftne  of 
the  common  difference  of  thofe  arcs.  '  /^  '. 

Dem.  For  in  a  circumference,  the 
center  of  which  is  c,  and  diameter  ab, 
kt  there  be  taken  a  feries  of  arcs,  arb, 

ARD,    ARE,    ARF,    ARC,     ARH,     i^C. 

the  common  difference  of  which  is  the 
arc  BD. 

Then  drawing  the  chords  ab,  ad, 
AE,  AF,  AG,  AH,  ^c.  their  halves  will 
be  the  fines  of  half  the  arcs  arb,  ard, 
^c.  (3) 

Alfo  half  the  arc  bd,  is  the  common  difference  of  half  the  arcs  arb, 
ARD,  are,  ^c.  (II.  150) 

And  the  chord  ad  is  twice  the  co-fine  of  half  the  fupplemental  arc 

»D.  (13) 

From  the  points,  d,  e,  f,  g,  ^c.  with  the  radii  da,  ea,  fa,  ga,  ^c, 
cut  AE,  AF,  AG,  AH,  i^c.  produced  in  i,  k,  l,  m,  ^c.  draw  id,  ke, 
LF,  MG,  ^t\  and  bd,  de,  ef,  fg,  gh,  dffc. 

Then  by  the  firft  part  of  the  demonftration  (II.  189),  the  following 
triangles  are  congruous,  namely, 

ABD,    lED;     ADE,    KFEj    AEF,    LGF  ;    AFG,    MHG,    ^C. 

Therefore  IE  =:ab;  KFriAD  ;  LGriAE;  mh=:af,  &c. 

Alfo  the  triangles  ida,  kea,  lfa,  mga,  t^c.  being  each  of  them 
ifofceles,  and  their  angles  refpedtively  equal,  are  fimilar  to  dca.  (II.  167) 

Therefore  ca  :  ad  :  :  (ad  :  (ai  =)ab  -fAE  :  :)  |-ad:  iab  +|ae. 
:  :  (ae  :  (ak==)ad+af  :  :)  ^ae  :  ^ad  +|af. 
:  :  (af  :  (al  =)ae  +  ag  :  :)  Iaf  :  jae  +|ag. 

The  halves  being  in  the  f;une  ratio  as  the  whole?.  (II.  150) 

27.    Confequcntly,    in  a  feries  of  arcs  in  arithmetic  progreflion,  viz. 

-|arb,  I  ARD,  vARE,  iffc.  the  commou  difference  of  which  is  half  ths 

arc  BD,  it  will  be,  i  (II.  164) 

As  (ac)  radius.  , 

To  (ad)  twice  the  co-fine  of  the  common  difference  ; 

So  is  the  fine  of  either  arc  taken  as  a  mean. 

To  tlic  fum  of  the  fines  of  two  cquidiftant  extremes. 

28.  Hence,  The  fim  of  either  extreme^  fuhtro^ed  fram  the  produSi  of 
the  fine  .of  the  mean  by  ttvice  the  co-fwe  of  the  common  difference^  vjill  give  the 
fine  of  the  other  extreme,  (II.  164) 
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29.  When  the  common  difFerence  of  three  arcs  is  60  degrees  j  then 
twice  the  co-fine  of  that  difFerence  is  equal  to  the  radius.  (24) 

And  with  any  fuch  three  arcs,  as  30,  90,  1505  or  25,  85,  145  j  or 
20,  80,  140,  ^c.  it  will  be  (27). 


As  R  :  (2  cof.  60=)  R  : 


(s,  30° +s,  i50"»=:)  8,  300 +s,  30°. 


:  :  s,  90°  :  (s,  30° +s,  150°=)  «,  300+s,  30°.  "> 
:  :  s,  85    :  (s,  25«+s,  145*=)  <.   zs^+s.  350.  /^ 
:  :  s,  80    :  (s,  2o'+s,  140"=)  s,  20°+s,  40°.  \  3 
:  :  s,  75    :  (s,  i5»+8,  135°=)  s,    is'»+s,  450.  1^ 


Here  the  firft  and  fecond  terms  in  the  proportions  being  equal,  the 
third  and  fourth  terms  are  alfo  equal. 

30.  Hence,  The  fine  of  an  arc  greater  than  60  degrees,  is  equal  to  the  fine 
of  an  arc  as  much  lefs  than  60  degrees,  added  to  theftne  of  its  difference  from 
60  degrees. 

Therefore  the  fines  of  arcs  above  60  degrees  are  readily  obtained  from 
thofe  under  60  degrees. 


31- 


PROP.     V. 


The  right  fine  of  an  arc  being  known,  to  find  its  co-fine ;  and  from  theft 
to  find  the  tangent,  fecant,  verfed  fine  ;  and  alfo  the  co-tangent,  co-fecanty 
and  CO -verfed  fine. 


Let  AG  be  any  arc,  and  let  ah  be  its  fine,  ai  its 
ro-finej  gf  the  tangent,  be  the  co-tangent  j  CF 
the  fecant,  ce  the  co-fecant  j  hg  the  verfed  fine,  bi 
the  CO- verfed  fine. 

Now  if  the  fine  ah  be  given,  then  the  co-fine  ai  or 
CH,  will  be  known  (II.  113)  :  For  ca* — ah^=:ch*. 
Tlierefore  the  fquare  root  of  the  difference  between  the 
fquares  of  the  radius  and  fine,  will  be  the  co-fine. 
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C  ThcntheverfcdfineHG=:CG — ch;  andco-verfedfineiB=:CB — cr. 
^^'\  And  fince  the  triangles  cha,  cgf,  cbe,  are  fimilar, 

(Therefore  (II.  167)  CH  :  ha  :  :  cg  :  cF,  the  tangent. 
^^'  I  That  is,  As  the  co-fine  to  the  fine,  fo  is  radius  to  the  tangent. 
And  CH  :  CA  :  :  CG  :  cf,  the  fecant. 

That  is.  As  the  co-fine  to  the  radius,  fo  is  radius  to  the  fecant. 
And  CI  ;  CA  :  :  CB  :  ce,  the  co-fecant. 
That  is,  As  the  fine  to  radius,  fo  is  radius  to  the  co-fecant. 
Alfo  ci  :  lA  :  :  CB  :  be,  the  co-tangcnt. 
That  is,  As  the  fine  to  the  co-fine,  fo  is  radius  to  the  co-tangent. 
Or  gf:cg::cb:be;  that  is,  As  tangent :  rad.  :  :  rad. :  co-tangent. 
Hence  it  is  evident,  that  the  tangent  and  co-tangent  of  an  arc  of^^° 
are  equal  to  tne  another,  and  to  the  radius,  or  fine  of  ()0  degrees. 
And  as  the  fquare  of  radius  is  equal  to  the  rectangle  of  any  tangent 
and  its  co-tangcnt, 
Therefore  tan.  x  cot.n  tan.  x  cot.     Therefore  tan.  :  tan. :  :  cot.  :  cot. 

(II.  163) 
Or  the  tangents  of  different  arcs  are  reciprocally  as  their  co-tangents. 

38.  The 
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38.  The  principles  by  which  the  lengths  of  the  fines,  tangents^,-  fc- 
cants,  ^c.  may  be  conftruaed,  being  delivered,  the  following  examples 
are  annexed  to  illuftrate  this  doctrine. 

Required  the  co-fine  of  one  minute. 

The  fine  of  i  minute  being  0,0002908882     (15) 

Its  fquare  is  0,00000008461594 

Which  fubtrafted  from  the  fquare  of /adius  i, 

Leaves  0,99999991538406 

Whole  iquare  root  0,9999999577   is   the 

co-fine  of  I  minute  ;  or  the  fine  of  89'  59'. 

Now  having  the  fine  and  co-fine  of  i  minute,  the  other  fines  may  be  found 

in  the  following  manner,  m8> 

twice  the  cof.  i  min.  X  fine  of  i  m.  rrfum  of  tlie  fines  of  o'  &  2^ 
twice  the  cof.  i  min.  xfinc  of  2  ra.rrfum  of  the  fines  of  i'  6c  Y, 
twice  the  cof.  i  min.  x  fine  of  3  m.  =:fum  of  the  fines  of  2'  &  4^ 
twice  the  cof.  i  min.  xfine  of  4  m.zrfum  of  the  fines  of  3''  &  5'. 
twice  the  cof.  i  min.  xfine  of  5  m.=fum  of  the  fines  of  4''  &  6^. 

Proceeding  thus  in  a  progreillve  order  from  each  fine  to  its  next,  all  the 

fines  may  be  found. 

But  as   twice  the  co-fine  of   i   minute,  uiz. 

1,9999999154  is  concerned  in  each  operation, 

therefore  if  a  table  be  made  of  the  products  of 

this  number  by  the  nine  digits,  as  here  annexed, 

the  computations  of  the  fines  may  be  performed 

by  addition  only. 

For  the  produ^s  by  the  digits  in  the  given 
multiplier,  being  taken  from  the  table,  and 
written  in  their  proper  order,  will  prevent  the 
trouble  of  multiplication. 

And  even  this  operation  may  be  very  much 
fhortened,  by  fetting  under  the  right  hand  place 
(viz.  4.)  of  the  double  co-fine  of  one  minute,  the  unit  place  of  the  fine 
ufed  as  a  multiplier,  and  reverfing  or  placing  in  a  contrary  order,  all  its 
other  figures ;  then  the  right-hand  figure  of  each  line  arifing  by  the  multi- 
plication, is  to  be  fet  under  one  another ;  and  in  thefe  lines,  the  firft  figure 
to  be  fet  down,  is  what  arifcs  from  the  figure  ftanding  over  the  prefent 
multiplying  one  j  obferving  to  add  what  would  be  carried  from  the  places 
omitted. 

Now  if  the  produ^s  of  the  figures  in  the  multiplier,  thus  inverted,  be 
taken  from  the  above  table  of  produdts,  it  is  neceflary  to  remark  what  num- 
ber of  places  will  arife  from  each  digit  ufed  in  the  multiplier  ;  then  in  the 
produfts  of  thofe  digits  in  the  table,  take  only  the  like  number  of  places, 
obferving  to  add  1 19  the  right-hand  place,  if  the  next  of  the  omitted 
^gure$  exceed  5. 


Required 


Multi- 
pliers. 

Produdls. 

I 

z 

3 
4 
5 
6 

7 
8 

.  9 

1,9999999154 
3,9999998308 
5.99*99997462 
7,9999996616 

9,999999577° 
11,9999994924 

'3.9999994078 
15.9999993232 
'7.99999923^"6 
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Required  the  fine  of  two  minutes. 

The  fine  of  i  min.  placed  in  an  inverted  order 
under  the  double  cof.  of  I  min.  as  in  the  mar- 
gin ;  the  right-hand  figure  2  ftands  under  the  9  in 
the  6th  decimal  place,  therefore  the  firft  6  deci- 
mal places  of  the  product  againft  2  in  the  table, 
are  to  be  ufed ;  but  i  being  added,  becaufe  the  7th 
place  8,  exceeds  5,  makes  the  produ(5l  40000CO  : 
Alfo  for  9  the  next  figure  in  the  multiplier,  (land- 
ing under  the  5th  decimal  place,  take  17,99999 
from  the  table  of  products,  and  I  being  added  to 
the  5th  place,  becaufe  the  6th  exceeds  5,  make 
it  18,00000  ;  In  like  manner  the  producl  by  8, 
adding  i,  is  i6ooOi  &c.  and  the  fum  of  thefe  produds  0,0005817764 
is  the  fine  of  2  minutes,  as  required. 

This  kind  of  operation  will  be  very  eafily  conceived  without  farther 
illuflration,  by  comparing  the  procefs  in  this  and  the  following  operations, 
with  what  has  been  already  faid. 

Required  the  fines  of  3',  4',  5',  and  6  minutes. 


1,9999999154 

2888092000,0 

40C0000 

1800000 

16000 

1600 

160 

4 

0,0005.817764 


For  3  min. 

For  4  min. 

For  5  min. 

For  6  min. 

1,9999999' 54 

1,9999999154 

1,9999999154 

1,999999915+ 

4677185000,0 

54'^)627SooJ.o 

6255361 I03,0 

50+4454100,0 

1 0000000 

16000000 

2000C.000 

200C0000 

1 60000Q 

14OCO00 

20C0000 

80000QO 

2O00O 

400C0 

123GOOO 

lOGOOOO 

I4CCO 

I2CC0 

to^oo 

Scooo 

1400 

1200 

I  coo  J 

8000 

120 

80 

ICOD 

800 

8 

10 

40 
I  2 

10 

0,001  .'635^28 

o,ooi74  532.;o 

0,00232710^2 

0,COiQo8.S^IO 

0,0002908882 

0,00058:7764 

0;0?oS726f>45 

o.coi 1635526 

0,0008726646 

0,001 1635526 

0,0014544407 

0,0017453284 

In  each  example,  the  fine  of  an  arc  which  is  2  minutes  lefs  than  that 
required,   (28)  is  fubtracicd. 

The  fines  being  made,  the  tangents,  fecants,  feV.  are  to  be  conftrucled 
as  before  fliewn.  (2^,  ^4) 

39.  There  are  many  methods  by  which  the  triangular  canon  may  be 
made  j  but  that  which  is  here  delivered  was  chofen  as  the  mofl  eafv,  tho 
beft  adapted  to  this  work,  and  what  would  give  the  learner  a  fufficietit 
notion  how  thefe  numbers  are  to  be  fuund  :  For  at  this  time  th':Tc  is  no 
occafion  to  conflrucl  new  tables  of  fines,  and  rarely  to  examine  thofe  al- 
ready ext  int  i  ti.cy  having  paficd  through  the  hand'  o^  a  great  many  care- 
ful examiners,  and  for  a  long  time  have  been  recci/cd  by  the  learned  as  a 
work  fufficiently  correvt. 
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Thcfe  lines  were  firft  introduced  into  mathematical  computations  by 
Hlpparchus  and  Memlaus,  whofe  methods  of  performance  were  contrafted 
by  Ptolemy^  and  afterwards  perfeded  by  Regiomontanus  ;  and  fince  his 
time  Rl^eticusy  ClayiuSy  Pettfcus^  and  many  other  eminent  men,  have 
treated  largely  on  this  fubje£^,  and  greatly  exemplified  the  uie  of  this 
triangular  Canon,  or  Tables ;  which  are  now,  by  way  of  diftin^tion, 
called  Tables  of  ;;^/«rrt/ fines,  tangents,  iffc.  But  the  greateft  improve- 
ment ever  made  in  this  kind  of  mathematical  learning,  was  by  the  Lord 
Nepier.,  Baron  of  Merchijion  in  Scotland ;  who,  being  very  fond  of  fuch 
ftudies,  where  calculations  by  the  fines,  tangents,  i^c.  did  frequently  occur, 
judged  it  would  be  of  vaft  advantage  if  thefe  long  multiplications  and  di- 
vifions  could  be  avoided  j  and  this  he  effected  by  his  happy  invention  of 
computing  by  certain  numbers,  confidcred  as  the  indices  of  others  (I.  63}, 
which  he  called  logarithms ;  this  was  about  the  year  16 14. 

The  tables  now  chiefly  ufed  in  Trigonometrical  computations,  are  the 
logarithms  of  thofe  numbers  which  exprefs  the  lengths  of  the  fines,  tan- 
gents, i^c.  and  therefore  to  diftinguifh  them  from  the  natural  ones,  they 
;ire  called  Lcgarithriic  fines,  tangents,  i^c.  (of  by  fome  artificial  fines, 
t^c.)  Only  thofe  of  the  logarithmic  fines  and  tangents  are  annexed  to 
this  treatife,  becaufe  the  bufinefs  of  Navigation  may  be  performed  by 
them ;  neither  are  thefe  tables  carried  to  more  than  five  places  befide  the 
index,  that  being  fufficiently  exait  for  all  nautical  purpofes  :  But  it  muft 
be  allowed  that,  for  general  ufe,  fuch  tables  are  the  moft  efteemed,  as  cou- 
i\i\  of  moll  places. 

40.  Thefe  tables  afe  at  the  end  of  Book  IX.  and  are  fo  difpofed,  that 
each  opening  of  the  book  contains  eight  degrees  ;  four  of  which  are  num- 
bered at  the  top,  and  four  at  the  bottom  of  the  page ;  and  thofe  at  the 
top  proceed  from  left  to  right,  or  forwards,  from  o  degrees  to  45  ;  and 
thofe  at  the  bottom,  from  right  to  left,  or  backwards,  from  45  to  90  de- 
grees :  To  each  degree  there  are  four  columns,  titled  fines,  co-fines,  tan- 
gents, co-tangents  ;  and  the  minutes  are  in  the  marginal  column  of  each 
page,  figned  with  m  j  thofe  on  the  left  fide  of  the  page  belong  to  the  de- 
grees which  are  at  the  top,  and  thofe  on  the  right-hand  fide,  to  the  degree« 
which  are  at  the  bottom  of  the  page, 

41.  A  fine,  tangent,  co-fine,  co-tangent,  to  a  given  number  of  de- 
grees, is  found  as  follows  : 

For  an  arc  lefs  than  45  degrees, 

Seek  the  degree  at  the  top,  and  the  minutes  in  the  column  figned  m  at 
the  top  ;  againft  which,  in  the  column  figned  at  the  top  with  the  propofcd 
name,  ilands  the  fine,  or  tangent,  ^c.  required. 

But  when  the  arc  is  greater  than  45  degrees. 

Seek  the  degrees  at  the  bottom,  the  minutes  in  the  column  with  M  at 
the  bottom,  and  the  propofcd  name  at  the  bottsm. 
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Example  I.  Required  the  logarithmic  Jine  ofl^°  37'. 


P'ind  28  deg.  at  the  top  of  the  page  j  and  in  the  fide  column,  marked  with 
M  at  the  top,  find  37  ;  againft  which,  in  the  column  figned  at  the  top  with 
the  word  fme,  ftands  9,68029,  the  log.  fine  of  28°  37',  as  required. 

Example  II.  Required  the  logarithmic  tangent  0/(3"]°  45'. 

Find  67  deg.  at  the  bottom  of  the  page;  and  in  the  fide  column,  titled 
M  at  the  bottom,  find  45  ;  then  againft  this,  in  the  column  marked  tangent 
at  the  bottom,  ftands  10,38816,  which  is  the  log.  tangent  required. 

42.  But  when  a  logarithmic  fine  or  tangent  is  propofed,  to  find  the  de- 
grees and  minutes  belonging  to  it,  then. 

Seek  in  the  table,  among  the  proper  columns,  for  the  neareft  logarithm 
to  the  given  one ;  and  the  correfponding  degrees  and  minutes  will  be 
found  ;  obferving  to  reckon  them  from  the  top  or  bottom,  according  as 
the  column  is  titled, where  the  neareft  logarithm  to  the  given  one  is  found. 

43.  It  may  fometimes  happen  that  a  log.  fine  or  log.  tang,  may  be 
wanted  to  degrees,  minutes,  and  parts  of  minutes  j  which  may  be  thus 
found. 

Take  the  difference  between  the  logs,  of  the  degrees  and  minutes  next 
lefs,  and  thofe  next  greater  than  the  given  number. 

Then  for  i,  take  a  quarter  of  this  difference  ;  for  -',  take  a  third  ;  for 
I,  take  a  half  j  for  \  take  two  thirds;  for  |,  take  three  quarters,  zjfc. 

Add  the  parts  taken  of  this  difference  to  the  right-hand  figures  of  the 
log.  belonging  to  the  deg.  and  min.  next  lefs,  and  the  fum  will  be  the 
log.  to  the  deg.  min.  and  parts  propofed. 


Example  I.     Required  the   log. 
tang,  to  60°  56'-^-. 


Log.  tang.  60°  57'  is 
Log.  tang.  60    56   is 

The  difF.  is 

Its  half  is 

Add  it  to  tang.  60°  36' 


10,2,535 

10,25506 


29 

»4 

10,25506 


Gives  tang. 


60    56}      io,7  55  2( 


Example  II.    Reqinred  the  log. 
fme  to  32"  I  s'x- 


Log.  fine  32°  16'  is 
Log.  line  32    15   is 

The  difF.  is 

It.n  three  fourths  is 
Add  it  to  fine  32"  15' 


Gives  fine 


32  i5i- 


9.72743 
9,72723 


'5 

9,7272; 

(;, 72738 


In  moft  moft  cafes  the  work  may  be  done  by  infpC(5lion. 


44.  And  if  a  given  log.  fine  or  log.  tangent  fills  between  thofe  in  ^:^ 
tables:  then  the  degrees  and  minutes  anfuering  maybs  reckoned  I,  o  4? 
or  i,  ^^c.  minutes  more  than  thofe  belonging;  to  the  neareft  lefs  log.  in 
the  tables,  according  as  its  diftcrencc  from  the  given  one  is  *,  or -[,  or  \^ 
Isfc.  of  the  difference  between  the  logarithm  next  greater  and  next  lefs  than 
the  given  leg. 
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SECTION      III. 
Of  the  Solution  of  Plain  T^riangles, 

45.                               P  R  O  B  L  E  M  I. 

In  any  plain  triangle,  abc,  if  among  the  things  given  there  be  a  fide 
and  its  oppofite  angle,  to  find  the  reft. 

Then  fay,  As  a  given  fide  ^  (ab) 

To  the  fine  of  its  oppofite  angle  j  {  ^  ) 

So  is  another  given  fide .^  "          ( AC  ) 

To  the  fine  of  its  oppofite  angle.  (   B  ) 

Therefore,  to  find  an  angle,  begin  with  a  fide  oppofite  to  a  knowr> 
angle. 

Alfo,  As  the  fine  of  a  given  angle,  (  ^  ) 

To  its  oppofite  fde  ;  (ac) 

So  is  the  fine  of  another  given  angle,  (  C  ) 

To  its  oppofite  fide.  (ab) 

Therefore,  to  find  a  fide,  begin  with  an  angle  oppofite  to  a  known  fide. 

Dem.  Take  BD  =  CF=radius  of  the  tables. 

Draw  DE,  AH,  FG,  each  perpendicular  toBC, 

(U.  59) 
Then  de  and  fc  are  the  fines  of  the  angles  b 
and  c.  (3) 

Now  the  triangles  bde,  bah,  are  fimilar,  and 
fo  are  the  triangles  cfg,  cah. 
Therefore  bd  :  de  :  :  ba  :  ah.  (II.  167) 

And  (cf  =  )bd  :  f  g  :  :  ca  :  ah.  (II.  167) 

But  (bDXAH  =  )   de  XBArZFGXCA. 

Therefore  de  :  ca  :  :  fg  :  ba.  Or,  s,  Z.B  :  ac  : 


c;  c 


(II.  162) 
s,  Z.C  :  ba.  (II.  163) 
ScHOL.  Or,  by  circumfcribing  the  triangle  with  a  circle,  it  will  readily 
appear,  that  the  half  of  each  fide  is  the  fign  of  its  oppofite  angle.  And 
halves  have  the  fame  proportion  as  the  wholes. 


46. 


P  R  O  B  L  E 


M    II. 

if  the  two  fides  containing  the 


In  a  right-angled  plane  triangle,  abc, 

right  angle  b  are  known,  to  find  the  reft. 

Then,  j^s  one  of  the  kmivn  fides  ^  (ab) 

To  the  radius  of  the  tables  (or  tangent  of  \^°)  ;  (ad) 

So  is  the  other  known  fide,  (bc  ) 

To  the  tangent  of  its  oppofite  angle.  (de) 


Dem.  Take  AD=:radius  of  the  tables. 
Then  de,  perpendicular  to  ad,  is  the  tangent  of 
the  angle  a.  (4) 

And  the  triangles  ade,  aec,  arc  fimilar. 
Therefore  ac  :  ad  :  :  bc  :  de.  (II,  167) 
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47.  PROBLEM    III. 

In  any  two  quantities,  their  half  difference  added  to  their  half  fum^  gives 
the  greater. 

The  half  diff.  fuhtraSled  from  the  half  fum^  gives  the  lefs. 

And  if  half  the  fum  be  taken  from  the  greater y  the  remainder  will  be  the 
half  difference  of  thofe  quantities. 

Dem.  Let  AB  be  the  greater,  and  bc  the  lefs,  of  two  quantities. 
Take  ad  — bc  ;  then  bd  is  their  difference. 
Bifeil  DB  in  E  ;  then  de=:eb,  is  the  half  diff". 
And   AD  +  DEr:BC  ^  BE  (II.  47) ;  therefore  AE  is  the  half  fum. 
NowAE  +  EB=AB,  is  the  greater,  33     y^ 

And   AE— EDiz(ADr:)BC,  is  the  lefs.  r '  ■■  r.-^ — — 

Alfo   AB — AE  =  BE,  is  the  half  diff. 

48.  P  R  O  B  L  E  M     IV. 

In  any  plane  triangle,  abcj  if  the  three  things  known,  be  two  fides, 
AC,  CB,  and  their  contained  angle  c,  to  lind  the  reft. 

Find  the  fum  and  difference  of  the  given  fides.. 

Take  half  the  ^Iven  angle  from  90  degrees-^  and  there  remains  half  the  fum 

of  the  imkn.wn  angles.       Then  fay, 

Js  the  fum  of  the  given  fides ^  A  c  -}-  c  B 

To  the  difference  of  thofe  fides  ;  AC  — cb 

So  is  the  tangent  of  half  the  fum  of  the  unknown  angles  y  t.  \  B-t-A 

To  the  tangent  of  half  the  difftrence  of  thofe  angles.  t.  |b^^Ia 

Add  the  half  difference  cf  the  angles  to  the  halffum^  and  it  will  give  the 

greater  angle  — 15. 

ctibtraft  the  half  difference  of  the  angles  from  the  half  fum  ^  and  it  luill  give 

Icffer  angle  r:  a  . 

Dem.   On  c,  with  the  radius  cb,  defcribe  a  circle,  .,.,. 

cutting  AC,  produced,  in  E  and  D  ;  draw  eb,  and  /'  '-• 

bd  j  alfo  draw  df  parallel  to  eb.  /  _     ^^ . 

Then  ae  =  ac  +  cb,  is  the  fum  of  the  fidcs. 
And  ad  =  ac — CB,  is  the  difference  of  the  fides. 
Now  Z.CDBZZZ.CJ5D.  (II.  104) 

And(CDB  +  CBD  =  )2CDB=:Z.CBA+  Z.A.(I1.  98)       A     Y  ^^ 

Therefore  |z.cba4-  z.a=:  z.cdb,  is  half  the  fum  of  the  unknown  angles. 
And  BE  (11.  123)  is  the  tangent  of  cdb,  to  the  radius  db.  (4) 

Alfo  (CBA  — CBD  =  )DBAir:-^Z.CBA— iZ.A.  (47) 

Therefore  fZ-CBA — aa:=Z.dba,  is  half  the  difFerencc  of  the  unj;no\vn 

angles. 

And  df  is  the  tangent  of  dba,  to  the  radius  db.  (\) 

Kow  the  triangles  aeb,  adf,  are  ftmilar,  df  being  parallel  to  p:!!. 

Therefore  ae  :  ad  :  :  be  :  dp.  (H.  167) 

Of   AC  -f  CB  ;  AC  — CB  :  ;  t.  IZcbaTXa  ;  t.  ^^cba— Z-a. 

H3  49,  PRO- 
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PROBLEM    V. 


In  a  plane  triangle,  abc,  if  the  three  fides  are  known,  and  the  angles 
required. 

From  the  greateji  anghy  B,  fuppofe  a  line  BD  drawn  perpendicular  to  its 
oppojite  fide^  or  bafe^  dividing  it  into  two  fegments^  ad,  CD,  and  the  given 
triangle  into  two  right-angled  triangles^  adb,  cdb  :  Then  fay, 


As  the  bafe^  or  fum  of  the  fegments^ 

Is  to  the  jum  of  the  other  two  fides  j 

So  is  the  difference  of  thofc  fides y 

To  the  difference  of  the  fegtnents  of  the  bafe. 


AC 

AB  +  fiC 
AB  — BC 
AD  —  DC 


Add  half  the  difference  of  the  fegments  to  half  the  bafe  y  gives  the  greater  feg^ 
ment  ad.  (47) 

Subtradi  half  the  difference  of  the  fegments from  half  the  bafe^  there  remains 
the  leffer  fegment  DC  (47) 

Then,  in  each  of  the  triangles,  ADB,  CDB,  there  will  be  known  two  fides .^ 
and  a  right  angle  oppofite  to  one  of  them  ;  therefore  the  angles  will  be  found  by 
Problem  I.  (45) 

When  two  of  the  given  fides  are  equal  ;  then  aline  drawn  from  the  in- 
cluded angle,  perpendicular  to  the  other  fide,  bifeSts  the  fide,  (II.  103) 

And  the  angles  being  found  in  one  of  the  right-angled  triangles,  will  alfo 
give  the  angles  of  the  other. 

Dem.  of  the  foregoing  proportion.  ...• ._ 

In  the  triangle  ABC,  the  line  bd,  perpendicular  to 
AC,  divides  ac  into  the  fegments  ad,  dc.  / 

On  B  with  the  radius  bc,  defcribe  a  circle  gce,  ; 

cutting  AB,  continued,  in    g,  e  ;  and  ac  in  f  j  n;^ 

draw  BF.  .^^  '!«. 


Then  dc    =:df. 

Now  AC  (riAD  +  Dc)  is  the  fum  of  the  fegments. 
And   AF    (niAD — fd)  is  the  difference  of  the  fegments. 
Alfo  A£    {=:ab  -f  Bc)  is  the  fum  of  the  other  fides. 
And   AG   (  =:ab — bc  )  is  the  difference  of  thofe  fides. 

But     AC    X   AFZTAEXAG. 

Therefore  ac  :  ae  :  :  ag  :  AF. 

Or  AC  :  AB-j-Bc  :  :  ab— bc  :  ad — dc  j  or:::  ad — df. 


(II.  103) 


(11.  172) 
(II.  163) 
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50. 


PROBLEM    VI. 


In  any  plane  triangle,  abc,  the  three  fides  being  knov/n,  to  find  either 
of  the  angles. 
Put  £  and  F  for  the  fides  including  the  angle  fought. 

G  for  the  fide  oppofite  to  that  angle. 

n  for  the  difference  between  the  fides  E  and  F. 

Find  half  the  fum  of  G  and  D. 

And  half  the  difference  of  G  and  d. 
Then  write  the fe  four  logarithms  under  one  another^  namely. 

The  Arithmetical  complement  of  the  logarithm  ofE\  (I.  88) 

The  Arithmetical  complement  of  the  logarith?:-i  of  F  ; 

The  logarithm  of  the  aforefaid  half  fum  of  G  and  d  ; 

The  logarithm  of  the  aforefaid  half  difference  of  G  and  D. 
Add  them  together^  take  half  their  (um  ;   which  feck  07nong  the  leg.  fries. 
And  the  degrees  and  minutes  anfiveringy  being  doubled^  will  give  the  nicafure, 
of  the  angle  fought. 

Dem.  In  the  triangle,  abc,  let  a  be   h  ^ 

the  angle  fought. 


Take  ah  =  ah,  draw  bh  ;  and 
through  K,  the  middle  of  bh,  draw 
AP,  which  bifedts  the  angle  a,  and 
is  perpendicular  to  bh.       (II.  103) 

Through  k.  draw  kl,  kq^,  paral-  

lel,  to    BC,   AC  ;   which  will   bire6l  ^        ''  ^^         ^' 

WC,  BC,  in  L  and  i ;   then  KL:iric,   Kir:LC.  (II.  28,  163) 

And  the  difference  between  AC  and  ab  is  HC  — D  ;  then  Ki=fD. 

From  I,  with  the  radius  ik,  defcribe  a  circle  cutting  ap,  bh,  kq^,  bc, 
in  p,  o,  Q^,  M,  N,  and  join  CQ^;  now  iqriiK  ~lc=:lh  ;  thcrefo'-e 
Kq=HC,  and  CQrrKH,asthc  triangles  cqr,  khl,  are  congruous.  (II.  99) 

Therefore  cq^ parallel  to  kh  (II.  28.)  being  produced,  will  meet  ap  at 
right  angles  (II.  53),  in  the  point  p,  by  the  revcrfe  of  (II.  130). 

Then  pqj=:ko,  as  the  triangles  kqp,  QOK,  are  congruous.  (II.  95,103) 
Now  iiM=:  (Bl4-lMrr{-nc  + jHcrr)  |g+D  :    AndBNrr|G— D. 
Alfo  Boncp  :  For  bk=z  (kh  =  )  cq^,  and  k:o:=ipq^ 
lyCt  Arrzradius  of  the  tables  ;  then  ?•«  (parallel  to  bh)  =:fmc  of  f  Z.  a.  (3) 
Then  the  triangles  A«r,   akb,  apc,  are  finiilar. 

And  Ar  :  r«  :  :  AB  :  DK  ;  alio  Ar  :  ?«  :  :  AC  :  (cprr  )  bo.  (II.  167) 

Therefore  Ar^  \  rn^  :  :  .\c  x  ah  :  (bk  x  %o  —  )  bm  X  bn.      (II,  161,  172) 
Or  (fq.  rad.  =:r^  :  fq.  fine  {/^k  :  :  ac  x  ab  :  \  uTU  X  fc— D- 


Therefore  the  fquare  of  the  fine 


^  ACXAB 


^\.        c         r         ^  .fG  +  ijX^G— D 

I  herctore  line  ^L.A'=-V :  ~ ■ ; 

E  X  F 

And  R,  the  radius  of  the  tablc"^,  being  i, 


(II.  164) 


H  4 


Or 
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Log.iG  +  D  +  Log.  IoZd — Log.  E  — Log.  F' 


OrLog.s,|z.A=- 


2 


te'- 


OrLog.s,fAA= l-g  +  J-F-fL.ia+D  +  L.lG-D 

Where  L.  (lands  for  logarithm,  and  1.  for  Arith.  comp.  of  the  logarithm. 

51.  Every  poflible  cafe  in  plane  Trigonometry  maybe  readily  folved  by 
the  preceding  Problems,  obferving  the  following  Precepts. 

I.  Make  a  rough  draught  of  the  triangle,  and  put 
the  letters  a,  b,  c,  at  the  angles. 

II.  Let  fuch  parts  of  this  triangle  be  marked,  as 
rcprefcnt  the  things  which  are  given  in  the  qucftion. 
Thus,  mark  a  given  fide  with  a  fcratch  acrofs  it ; 
and  a  given  angle  by  a  little  crooked  line;  as  in  the 
figure;  where  the  fide  ab,  and  the  angles  a  and  c, 
are  marked  as  given. 

III.  If  two  angles  are  known,  the  third  is  always  known. 

For  if  one  angle  is  90  degrees,  the  other  given  angle  (which  (II.  97) 
will  be  acute)  taken  from  90  degrees,  leaves  the  third  angle. 

And  if  both  the  given  angles  are  oblique  j  their  fum  taken  from  i8o 
degrees,  gives  the  other  angle,  (II.  96) 

IV.  Compare  the  given  things  together,  and  determine  to  which 
Problem  thequeftion  propofed  belongs. 

V.  Then  according  as  the  Problem  dire£ls,  perform  the  preparatory 
work;  and  write  down,  under  one  another,  in  four  lines,  (or  more  if  ne- 
ceflary),  iht  literal Jlating;  expreffing  each  angle  bya  letter,  or  by  three  ; 
each  line  by  two  letteis;  and  the  fum s,  or  differences,  of  lines,  by  pro- 
per marks, 

VI.  Againrt:  fuch  terms  as  are  known,  write  their  numeral  value,  as 
given  in  the  queftion,  or  as  found  in  the  preparatory  work  ;  and  againft 
thefe  numbers  write  their  logarithms;  thofe  for  the  lines  being  found  (by 
L  81)  in  the  table  of  the  logarithms  of  numbers;  and  thofe  for  the  angles, 
found  (by 41)  in  the  table  of  logarithmic  fines  and  tangents:  Obferv- 
ing that  an  Arithmetical  complement  (fee  \.  88)  is  always  ufed  in  the 
firft  term  :  And  that  when  an  angle  is  greater  than  90  degrees,  its  fuppje- 
ment  is  ufed. 

VII.  Add  thefe  logarithms  together,  and  feek  the  fum  (I.  81)  in  the 
log.  numbers,  when  aline  is  wanted;  or  (4.2)  in  the  log.  fines  or  tan- 
gents, when  an  angle  is  wanted.  Then  the  number  or  degree,  anfwering 
to  that  logarithm  which  is  the  neareft  to  the  faid  fum,  will  be  the  thing 
required. 
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Prob. 

I. 
fee 
art, 
45 

Given. 

Required. 

SOLUTION. 

All  the 

angles  and 

one  fide. 

Either 

of  the 

jther  fides. 

Since  two  angles  are  known,  the  third  is  known. 
And,  As  fin.ofZ.opp.  to  fide  given,  is  to  thatopp.  fide; 
So  fin.  of  another  angle,  to  its  opp.  fide. 

Two  fides 
and  an  Z. 
oppof.  to 
one  fide. 

The  angle 
oppof.  to 
the  other 

given  fide. 

As  one  given  fide  is  to  the  fine  of  its  opp.  angle  ; 
So  is  the  other  given  fide,  to  the  fide  of  its  opp.  angle. 
Then  two  angles  being  known,  the  third  is  known. 
And  the  other  fide  is  found  as  before. 

II. 

art. 
46 

Two  fides 
and  the 
included 

right  4,. 

Either 

of  the 

other 

angles. 

As  one  of  the  given  fides,  is  to  the  Radius; 
So  is  the  other  given  fide,  to  the  tangent  of  its  opp.  Z. 
Then  two  Z.s  being  known,  the  third  is  known. 
The  other  fide  is  foui)d  by  opp.  fides  and  /Li, 

III. 

art. 
48 

Two  fides 
and  the 

included 
oblique 
angle. 

The 
other 
angles. 

Find  the  fum  and  difF.  of  the  given  fides. 

Take  J  given  Z.  from  90°  leaves  4  fum  of  the  other  As. 

Then,  As  fum  fides,  is  to  diiF.  of  fides  ; 

So  tan.  4  fum  other  Z.s,  to  tan.  idifF.  thofeZ.s. 

The|famAs{  +  |idifF.Zs,gives|f;^^;«^f- 

Find  the  other  fide  by  opp.  fides  and  angles. 

IV. 
art. 

49 

The 

three 

fides. 

All 

the 

angles. 

Draw  a  line  perpend,  to  the  greateft  fide,  from  the 
opp.  Z.,  dividing  that  fide  into  two  parts. 
Then,  As  the  longeft  fide  is  to  fiim  other  two  fides ; 
So  is  the  diff.thofc  fides,  to  thedifi^".  p'*  of  longeft. 

Thenilong.fide  |  +  ^  ^dif.p"  gives  the  |  fX''|  P^'*" 

Nowthefaidperp.cutsthetriangleint0  2rightZ.dones. 
fn  both,  are  known  the  Hyp.  a  Leg.  and  the  right  Z. . 
The  angles  are  found  by  Problem  I. 

V. 
art. 
50 

The 

thise 
fides. 

Either 
Angle. 

Having  chofe  which  angle  to  find  j  call  the  fides  in- 
cluding that  angle  e  and  f. 
The  fide  opp.  that  Z.,  call  c. 
Put  D  for  the  difference  between  e  and  f. 
Find  the  half  fum,  and  half  difF  of  g  and  d. 
Then  write  thefe  four  Logs,  under  one  another  ; 
y.     j  The  Ar.  Co.  Log.  of  e,  The  Ar.  Co.  Log.  of  r, 
'^'^^  \  The  Log.  of  A  f„m,  And  the  Log.  of  [difference. 
Add  -.he  four  logs,  together,  take  half  tlieir  fum. 
•j'et- k  it  among  the  log   fines  ;  and  the  correfponding 
deg.  and  min.  doubled,  is  the  angle  fought. 

53.  Ex. 
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53.  Example  I.^    In  th  plane  Triangle  a'&c. 

Given   AjB  =  i95  Poles. 

Z.B=    90°  00' 

.  ^A=  47  55- 
Required  the  other  parts. 

For  the  linear  Solution. 
ift.  Draw  AB  equal  to  195  poles,  taken  from  a  fcale 
of  equal  parts. 

2d.  From  B,  draw  bc,  making  with  ad  an  angle  of  90°.  (H.  84) 

3d.  From  A,  draw  AC,  making  with  as  an  angle  of  47*  55';  and  meet- 
ing BC  in  the  point  c. 

Then  is  the  triangle  ABC  fuch,  the  parts  of  which  correfpond  with  the 
things  given  ;  and  the  fides  ca,  cb,  being  applied  to  the  fcale  that  ab 
was    taken  from,  their  meafures  will  be  found,    viz.  ac=29I  j  and 

BC  =  2l6, 


For  the  numeral  Solution,  or  Computation. 


Since  two  angles  are  known  j  Therefore, 


From       90°  00' 
Take       47    55  =rz.A 
Remains  42   05=z.c 


Now  in  this  triangle,  there  are  known  all  the  angles  and  one  fide  j  there- 
fore among  the  known  things,  there  is  a  fide  and  its  oppofite  angle ;  which 
belongs  to  the  firfl  problem. 
Then  to  find  the  fide  ac,  begin  with  the  angle  c  oppofite  ab. 


As  the  fine  of  Z.  c. 
To  the  oppofite  fide  ab  ; 
So  the  fine  of  the  Z.  b, 
To  the  oppofite  fide  ac. 


Or  thus,  As  s,  Z.c=:42°  05' 
To  AB=:i95  po. 
So  s,  ^.8=90°  co' 


0,17379  Ar.  Co. 
2,29003 
10,00000 


To       Aczrzgi  po.      2,46382 


And  to  find  the  fide  eg,  begin  with  the  angle  c  oppofite  ab. 


As  the  fine  of  the  Z.  c. 
To  the  oppofite  fide  ab  ; 
So  the  fine  of  the  Z.  a. 
To  the  oppofite  fide  bc 


Or  thus,  As  s,  Z.cr:42°  05' 
To  AB3: 195  po. 
So  s^  Z.A=47°  55' 


^»^7379  Ar. Co. 

2,29003 

9,87050 


To      Ecr:^i6  po.      2,3343: 


So  that  AC  is  291  poles,  and  bc  is  216  poles. 

The  letters  Ar.  Co.  ftanding  on  the  right  of  the  firft  line,  fignify  the 
►arithmetical  complement  of  the  log,  fine  of  42"  05'.  (I.  88) 
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Example  II.     In  the  plane  Triang/e  abc. 
Given  ABzriij    miles, 
Z.B  =  i34°46' 

Z.A=    22     37. 

Required  the  other  parti.  ^^ 

For  the  linear  Solution,  or  Construction. 
Make  ab=:ii7  equal  parts  ;  at  a  make. an  angle  =  22"  37'  (II.  84); 
and  at  b  make  an  angle  of  134°  46' ;  then  the  lines  which  make  with;  a.b 
thofe  angles,  will  meet  in  c,  and  form  the  triangle  propofe(J. 
And  the  meafure  of  bc  will  be  117,  and  of  ac  216. 

By  Computation.     See  art.  45. 
Since  two  angles  are  known, 


Namely,  Z.b=:i34"»  46' 
I.K—  22    37 


Their  fum      ==157    23 


Now  from 
Take 


180°  00' 
157    23 


Since theangle  crrZ.A 
Therefore  bczzab 


Leaves  Z.crz  22    3.7 
(II.  104)  "'^  '^ 


And  from 
Take 


i8o«>  00' 
13+    4^ 


Thefup'Z.B=:  45     14 


To  find  the  fide  AC. 

As  s,  Z-czr  22°  37'  0,41503  Ar.  Co. 

To       ABzi:ii7   M.  2,06819 

So  s,  z. 6  =  134°  4^'  9'8S'25  fup. 


To      Aczr2i6  M.   2,33447 

55.  Example  III.     In  the  plane  Triangle  h.^Q, 

Given   AB=4o8  yards.  C 

Z.B=:22''  37' 

z.A  =  58   07. 
Required  the  other  parts. 

A  b 

Construction. 

Make  AB=4o8  yards,  or  equal  parts  ;  make  the  angle  a  =  58°  07' ;  and 
the  ^.0  =  22"  37' ;  then  the  lines  forming  thefe  angles  will  meet  in  c  j 
and  the  meafure  of  ac  is  159  yards,  and  of  bc  is  351. 

Computation.     See  art.  45. 
Two  angles  being  known,  viz  A  a  =58"  07' 

Z.B='2     37 


Their  fum     =80    44 


P'rom 

Take 


180°  00' 
80     44 


Leaves    99    i6rrZ.c. 


To  find  the  fide  AC. 
As  s,/L(  =99^  16' 
To  An  =408  Y. 
So,s,Z.u=:22°  37' 

To      Ac=:i59  Y. 


0,00570  Ar. Co. 
2,61066 

9.5^^97 


2,201  ;3 


To  find  the  fide  a  c . 
Ass,Z.c=:99°  16' 
To  A  Mir: 40 8  Y. 
So  Sj/lArz^S"  07' 

To     nc  =:3  5i  Y. 


o,oo57oAr.Co. 

2,6io66 

9,92:^97 


2»54i  3  3 


In  thele  operations  th&  fupplemcnt  of  the  angle  c  is  ufcd. 
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In  the  plane  Triangle  ABC. 


Example  IV. 
Given   AB  =  ,95|p^^j 

^8=  90°  00'. 

Required  the  rejl. 

Construction. 
Make  AB  =  195  equal    parts;    draw   bc,  making  an 
angle  at  8=90°  00'.     From   a  with  291  equal  parts 
cut  BC  in  c,  and  draw  ac. 
Then  the  z.  a  meafurcd  on  the  fcale  of  chords  will  be  about  48  degrees,  and 
/.c  about  42* :  Alfo  bc,  on  the  equal  parts,  meafures  about  216. 

Computation. 
Here  being  two  fides,  and   an  angle  oppofite  to  one  of  them,  the  folution 
falls  under  problem  the  firft.     See  art.  45. 


To  find  the  angle  c . 

As       Acnapi   F.     7,5361 1  Ar.  Co. 

To  SjZ-Bzzpo"  co'  10,00000 

So       ABr:i95  F.     2,29003 


Tos,Z.c=42°  05'    9,??26i4 

J'rom  90°  00' 

Take  42     05  r=.JLCi 


Leaves 


57 


47    55  =  -^A- 


To  find  the  fide  BC. 
As  s,Z. 6=1:90°  00' 
To      AC^ragi  F. 
So  s,Z.A=:47''  55' 

To      Bc=:2i6F. 


10,00000 

2,46389 
9,87050 


Here  the  fine  of  90°  00'  or  radius  be- 
ing the  firft  term,  its  Arith.  Comp. 
being  o,  is  not  taken. 


Example  V.     In  the  plane  Triangle  h^z^ 
Given   ac  =  2i6  7y^^j^^  ^ 

AB  rz  1 1 7  J  V ^ 

Z_ err 22°  37'.  \      ""• -..^  B 

Required  the  rejl,  *» 

A' 
Construction. 

Make  AC  =  216  yards  ;  the  z.c  =  22°  37''^  and  draw  cb  :  Then  from  a, 
with  117  yards,  cut  CB  in  b  or  in  b;  and  either  of  the  triangles  ac^  or 
ACB  will  anfwer  the  conditions  propofed  :  But  the  triangle  to  be  ufed  is 
generally  determined  by  fome  circumftances  in  the  queftion  it  belongs  to. 
Thus  if  the  angle  oppofite  to  ac  is  to  be  obtufe,  the  triangle  is  abc. 

Computation. 
The  folution  belongs  to  problem  the  firft.     See  art.  45. 
To  find  the  angle  b 
As       ABmi7    Y. 
To  s,Z.c  =  22°  37' 
So       Ac:=2i6  y. 

To  s,z.B  — 134.''  46' 

Z.c-f  Z.B=:i57    23 


7,93181 

9>';^497 
■2.3344"^ 


9.8523 


From 
Take 


i8o« 
157 


CO 

23: 


:Z.c  +  Z.B, 


Leaves       22    37Z.A, 


And  as  Z.  'vrrZ.c, 
Therefore  bc  =  .^b, 


(ir.  104) 


If  the  angle  required  be  obtufe,  fubtradl  the  deg.  and  min.  correfpon(J- 
ing  to  the  fourth  log.  from  180 ;   the  remainder  is  the  Z.B    For  the  fourth 
log.  gives  the  ^^,  which  is  the fupplement  to  the  angle  b.  (II.  104,  96). 
9  ^8.  Ev 
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58.  Example  VI.     In  the  plane  Triangle  abq. 

Given   AC=4o8)p^^homs.  C 

AB-Isgt  /  '••::.. 

Z.cr=22°  37'. 
Required  the  rejl. 

A  Q, 

Construction. 

Make  AC =408  fathoms;  thez.c  =  22°  37';  and  drawc^;  from  a,  with 

159  fathoms,  cut  c^  in  h^  or  in  b,  and  draw  hb  or  ab  : 

Then  if  the  angle  oppofite  to  ac  is  to  be  acute,  the  triangle  ac^  is  that 

which  is  required  j  but  if  the  angle  is  to  be  obtufe,  acb  is  the  triangle 

fought. 

Computation.     See  art.  45. 
Here  being  a  fide  and  its  oppofite  angle  known,  the  folution  falls  under 
problem  the  firft  ;  the  A  b  is  to  be  obtufe. 


To  find  tht  angle  B  obtufe. 
As        ABrr:  1 59  F, 
To  s,^c=:22°  37' 
So        AC =+08  F. 

To  s,Z.B=99'*  19' 

AC  +  Z.BZI12I       56 

Taken  from  1 80    00 


7,79860 

908497 
2,61066 


9,99423 


To  find  BC. 
As  s,^c:=22°  37' 
To     AB  =  i59   F. 
So  s,Z.A=s8°  04' 

To     Bc=350,9F. 


0,41503 
2,20140 
9,92874 

2,54517 


Leaves  Z.  A  r=  5  8    04 


59,  Example  VII.     In  the  plane  Triangle  a-&q 

z.B=90°  00'. 
Required  the  reJl. 

Construction.  _ 

A  li 

Make  the  angle  ABC rrgo'';  take  ba=  195  equal  parts,  and  bc=:2i6;  and 
draw  AC;  then  abc  is  the  triangle  propofed j  where  the  parts  required 
may  be  meafured  by  the  proper  fcales. 

Computation.     See  art.  46. 
As  two  fides  and  the  contained  right  angle  are  known,  the  folution  be- 
longs to  problem  the  fecond. 


To  find  the  angle  a 

As                 ABr=i95  F. 

To  Rad.  or  tang.  45"  00' 

So                        BC  =  2l6  F. 

7.73997 
10,00000 

2.33445 

To             t.^A=:47»  55' 

10,04442 

90    00 

^c=:42    05 

To  find  A  C . 
As  s,Z.A=:47°  55' 
To       Bcrr:2i6  F. 
So  8,  Z.Erz9o"'  00' 

To   AC=:29i  F. 


0,12950 

2,33445 
10,00000 

2,46395 


60.  Ex- 
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60.  ExAMPL*  VIII.     In  the  plane  Triangle  abc. 

G/z;.«AB=ii7)  Yards.   ^ 
BC:=:I17  3 

Z.B=:i34°46^ 

Required  the  reji. 

Construction; 


Book  III. 


Make  the  Z.  abc  =  134°  46^  i  take  ba  and  bc,  each  equal  to  117  equal 
parts,  from  the  fame  fcale,  and  draw  ac  j  then  is  the  triangle  abc  equal 
to  that  propofed  ;  and  the  parts  required,  meafured  on  their  proper  fcales, 
will  give  their  values. 

Computation.     See  art.  48. 


Now  as  AB  and  bc  are  equal  ;  there- 
fore the  angles  a  and  c  are  alfo^equal. 
From        i&o°  00' 
Take        134.    46rrZ.B. 


Leaves       45     I4=:Z.a  +  Z.c. 
The  half    22    yjz=./^k-=.L.c. 


To  find  KC, 
As  s,Z.a=:22'»  37' 
To       Bc=i  17  Y. 
So  8,z.B=:i34°  46' 

To      AC  —  216  y. 


0,41503 
2,06818 
9,85125 

2'33446 


"61.  Example  IX.     In  the  plane  Triangle  abc. 

Given   AB=4o8?  Yards.  * 

AC  =  159)  ^^ 

AA  =  58''o7'. 
Required  the  rejl. 

A  L 

Construction,  / 

Make  an  angle  cab  =  58°  07' j  take  ac  =  i59,  ab=4o8,  from  the  fame 
fcale  of  equal  parts  ;  and  draw  cb  ;  then  will  the  triangle  acb  be  equal 
to  that  which  was  propofed. 

Computation. 
Here,  there  being  two  fides  and  their  contained  angle  known,  the  folu- 
tion  belongs  to  art.  48- 

The  half  of  58°  07' 

Is  29    03',  which 
Taken  from    90    00 

Leaves  60    56{z=1z.c  +  [z.b. 


ABrr4o3 
/c=t59 


AB  +  Acnr567~fum  of  fides. 
AB — Acr=249=:diff.  of  fides. 

To  find  the  angles- 

As         AB+  Ac:=i;67 

To        AR —  acz:249 

So  t.4z.c-f  i!lB=i6o''  56i'(See43)  10,25520 

To  t. ?Z.c— Z.E  =38     19I 

Then  (47) 

And 


7,24642 
2,39620 


9,89781 


99     i6=:Z.c.  (II.  105) 


22     37~Ab. 


To  find  B  c . 

As  s,Z.c:r:99°   16'  0,00570 

To      AB=:4o8  Y.  2,61066 

So  s,Z.A  — 58'  07'  9,92897 

To      BC=:35i  Y.  2,54533 


62.   Ex- 
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62.         Example  X.     In  the  plane  Triangle  abc. 
I  Given    AB  =  iq5 

BC=2IO 
AC=:29I 
Required  the  angles. 

Construction. 

Make  ca=:291  equal  parts  ;  from  c,  with  216,  defcribe  an  arc  b  ;  from  A 
Avith  195  cut  the  arc  b  in  b  j  draw  bc,  ba,  and  the  triangle  is  conftrudled, 
then  the  angles  may  be  meafured  by  the  help  of  a  fcale  of  chords. 

Computation. 
The  three  fides  being  given,  the  folution  falls  under  either  Problem  V.  or 
Problem  VI.     But  that  the  ufe  of  thefe  Problems  may  be  fufficiently  iUuf-.. 
trated,  the  folutions  according  to  both  of  them  are  here  annexed. 

Solution  by  Problem  V.      (4*9) 
From  the  angle  b,  draw  bd  perpendicular  to  ca,  which  will  be  divided 
into  the  fegments  cd,  da,  the  fum  of  which  ac  is  known. 
Now  Bcrr2i6 
And  ab:z:i95 


BC  +ae:i:4.i  i=:rum  of  fides. 

BC — AEr=  2irzdifF.  of  the  fides. 


To  find  the  diff.  of  the  fegments. 
.As  AC  =    291  — —      7,53611 

To    BC  +  AB     =    411    2,61384 

So     BC— AB     =       21     ■■  1,32222 


Now  the  half  of  291        is 
And  the  half  of    29,66  is 

Therefore  (47)  the  fum 


«45'5 

14,83 


To     CD AD   ZZ    29,66    —  1,4721/ 


i6o,33^cd;  or  cd  r:  160,3 


the  difference  i30,67r=AD;  or  ad  n   130,7. 


Then  in  the  triangle  c  db. 

As  BC            =216    7*66555 

To  s,  Z.CDBr:9o°  co'    —  10,00000 

So  CD           1=160,3     2,20493 


To  s,  Z.CBD=:47°  55' 


9,870^ 


Wh.  taken  from  90  "00 
Leaves      Z. err 42    05 


And  in  the  triangle  a  D  B . 
As  AB  =    195 

To  s,  Z.  ADB  r=  90**  00' 
So  AD  zz    I  30,7 

To  8,  Z.ABD  =:  42    05 

Wh.  taken  from  90   co 


7'70997 

10,00000 
2,1 1628 

9,82625 


Leaves    /La   =  47  55,&Z.B=:90°o'. 


To  find  the  angle  c. 
Put   Er:29i=:Ae 
F=r2i6r:BC 


Solution  by  Problem  VI.      (50) 

'lhenToAr.Co.log.    e.      —291    ---  7,53611 

Add  Ar.  Co.  log.  F^     =216  ---  7,66555 

Andthelog.     -^(7+u=  135   ---  2,13033 

Alfo  the  log.     !-u— ur:  60  -  -  -  1,77815 


I' =  7  5   =E— P 
G  =  1 9  5  rr  A  B 


2)  120(60    —  ,'g.— D. 


The  half  of  this  fura 


2)19,1 1014 


fs  the  log.  fine  of       n !''o2'-'(43)  -  -  -  o.jv'o/ 

Which  doubled,  gives  4  2°  05'=:  Z.  c 

The  angle  c  being  known,  the  other  angles  may  be  found  by  Prob.  I. 

63.   tx- 
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63.       Example  XI.    In  the  plane  Triangle  \^c. 
Given   AC  =408 
Bc  =  35i 

AB— 159 

Required  the  angles, 

CoNSTRUCTIOtf. 

The  conftru<SHon  and  menfuration  is  performed  as  in  thelaflExAMPLB^ 

Computation  by  Prob.  V.  art.  49. 

From  the  Z.  b  draw  the  perpendicular  bd  j  and  find  the  fegments  AD, 

DC  ;  which  may  be  done  without  logarithms. 

Thus  Bc  =  35i 

ABz:i59 

»c  +  ABrrjio 

Bc  —  ABr:i92 


Then  (I.  46),   As  408  :   510  :  :   192  :  z^o^dc^da. 
For  192  Xj  10^:97920;  which  divided  by  408  gives  240. 

Now  half  of  408=204.;  aad  half  of  240  is  120. 

Then  204+I20=324=:dc  ;  and  204 — i2or=84=DA. 


In  tb«  triangle  a  d  b  . 
As  AB=:i59 

To     s,  ^.0=90°   00' 
So  AD=:84 

To  S,  Z.ABD=jI»  53' 

And     /-K  =158   07 


7,79860 

16,06:00 

1,92428 

9,72288 


In  the  triangle  BDC. 
As  Bc  =  35i 

To     s,  Z.D=9o°  00' 
So  00=324 

To  s,Z.CBDr:67''   23' 
And 


7»45469 

10,00000 

2,51054 

9,96523 


Z.cz:22    37 


Then  ^ABD  +  AcBDrz  Z.abc=:99°  16' 

Computation  by  Prob.  VI.  art.  50. 


7o  find  the  angle  c. 

Put    £=408=:  AC 

i-=35i=BC 


D=    57: 

0=159: 


:e — F. 
:ab 


2}2i6(io8=|g  +  u 
2)102(51   =i-allD 


Then,  to  Ar.  Co.  log.  e  ==408 

Add  Ar.  Co.  log.  f  ^=351 

And  the  log.  |G4-d  =  io8 

Alfo  the  log.  iG— D=  5 1 

The  half  of  this  fum 

Is  the  log.  fine  of  1 1°  i8'i 


7.3893+ 
7.45469 
2,03342 

i»707S7 

2)18,58502 

9,29251 


Which  doubled,  is  22°  37'izZ.c. 
Now  the  angle  c  being  known,  the  other  angles  may  be  found  by  Prob.  I. 
But  for  a  farther  illuftration  of  Prob.  VI.  the  work  for  another  angle  is 
here  repeated. 

Then,  to  Ar.  Co.  log.  E  =151  7>454^9 

Add  Ar.  Co.  log.  F  =  'S9  7>7986o 

And  the  log.  ^0  +  0=^00  2,47712 

Alfo  the  log.  ic— D=ioB  2,03342 


To  find  the  angle  b  . 
Put  E  =35i  =  bc 

F  =  I59  =  AB 


D:n92  =  E — F. 
e=:4o3=:AC 


2)600(300=50 +D 
2)2l6(l08  =  iG— D 


The  half  of  this  fum  2). 9, 76383 

Is  the  log.  fine  of  49°  38'  9,88191 


Which  doubled,  is  99°  i6'=Ab. 


64.  £x« 
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Example  XII,     In  tk(  plgn^  Triangle  abq, 

=  1171 

=  117  S-Milej. 

=  2l6j 


Q'tven  AE  =  ii7 

BC 
AC 

^e^uired  the  angles. 


CONSTRUCTIOW, 

The  conftru£tlon  of  this  triangle,  and  the  meafurlng  of  th?  angles,  is 
performed  as  in  the  Xth  and  Xlth  Examples, 

Computation, 

In  the  triangle  abc,  as  ab=:bc  ;  therefore  the  angles  a  and  c  are  ecjuaj 
(II.  104)  ;  and  the  perpendicular  bd  bifecls  the  fide  ac  ;  fo  that  the  right 
angled  triangles  adb,  cdb,  are  congruous  ;  confequently,  the  angles  bie-i 
ing  found  in  one  triangle,  will  give  thofe  of  the  other. 

Now  in  the  triangle  adb,  the  fide  ab=:ii7;  the  fide  AD,;=iAC,  15 
i©8  ;  and  the  z.d  is  90°  00' :  Here,  therefore,  being  a  fide  and  i^s  oppQ» 
fite  angle  given,  the  folution  belongs  to  Prob,  I. 


^0  find  the  angle  a 50. 
As  AB       :=I17 

To  s,   ^  D     =90°  00' 

So  AD       =108 

To  s,  /.ABD^d;'  23' 
Wh,  taken  from  90°  00' 
I^eaves 


7,93181 

10,00000 

2,03342 

9,96523 


And       67"  23'  doubled 

Gives    134°  46'=  Z. ABC. 

A  like  procefs  is  to  be  ufed  In  Qvtry 
triangle,    in  which  9fe  two   e<|uaj 

fides. 


22''  37  2rz.A  =:Z.c. 

The  foregoing  examples  contain  all  the  variety  that  can  pofllbly  happeji 
in  the  folutions  of  plane  triangles,  confidered  only  with  regard  to  their 
fides  and  angles  ;  but  befides  the  methods  fhewn  of  refolving  fuch  tri- 
angles by  conftrudtion  and  computation,  there  is  another  way  to  find 
thefe  folutions,  called  Inftrumental ;  and  this  is  of  two  kinds,  viz.  eithep 
by  a  ruler  called  a  Senior,  or  by  one  called  the  Gunter's  fcale :  The  method 
by  the  feclor,  the  curious  reader  may  fee  in  many  books,  particularly  in 
a  treatife  on  Mathematical  Inftruments  publifhed  in  the  year  1775,  3d 
edition  *  :  But  the  other  method  by  the  Gunter's  fcale  being  In  greaj 
ufe  at  fea,  it  will  be  proper  in  this  place  to  treat  of  it. 


♦  By  the  author  of  thefe  Eleraenu. 
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Defcriptkn    and  CofiJlruEiion    of  the   Guntefi 

Scale. 

65.  Mr.  Edmund  Gunttr,  ProfefTor  of  Aftronomy  at  Crcp^am  College, 
fprnetime  about  the  year  1624,  applied  the  Logarithms  o't  Numbers  to  a 
iTat  ruler  :  This  he  efFciSled  by  talcing  the  lengths  exprcflt.d  by  the  figures 
in  thofe  logarithms  from  a  fcale  of  equal  parts,  and  transferring  them  to  a 
line,  or  fcale,  drawn  on  fuch  a  ruler  ;  and  this  is  the  line  which,  from  his 
name,  is  called  the  Gunter^s  line  :  He  alfo,  in  like  manner,  conftru£ted 
lines  containing  the  logarithms  of  the  fines  and  tangents  ;  and  fmce  his 
time  there  have  been  contrived  other  logarithmic  fcales  adapted  to  va- 
rious purpofes. 

The  Gunter's  fcale  is  a  ruler,  commonly  two  feet  long  ;  having  on  one 
of  its  flat  fides  feveral  lines  or  logarithmic  fcales  ;  and  on  the  other  fide 
various  other  fcales  ;  wliich,  to  diftinguifh  them  from  the  former,  may, 
be  called  natural  fcales. 

While  the  reader  is  perufing  what  follows,  it  is  proper  he  fhould  have  a 
Gunter's  fcale  before  him. 

66.  Of  the  Natural  Scales. 

■  The  haJf  of  one  fide  is  filled  with  difFerent  fcales  of  equal  parts,  for  the 
convenience  of  conftruiting  a  larger,  or  fmaller  figure  :  The  other  half 
contains  fcales  of  Rhumbs,  marked  Rhu  j  Chords,  marked  Ch  ;  Sines, 
marked  Sin  ;  Tangent?,  marked  Tan  ;  Secants,  marked  Sec  ;  Semi- 
tangents,  denoted  by  S.  T.  and  Longitude  diftinguiflicd  by  M.  L.  The 
dcfcripiions  and  ufcs  of  thefe  fcales  will  be  confidcred  hereafter,  in  the 
places  where  they  will  be  wanted. 

67 .  Of  the  Logarithmic  Scales. 

On  the  other  fide  of  the  fcale  are  the  following  lines. 

I.  A  line  marked  s.  r.  (fine  rhumbs),  which  contains  the  logarith- 
mic fines  of  the  degrees  to  each  point  and  quarter  point  of  the  compafs. 

JI.   A  line  figned  t.  R.  (tan.  rhumbs),  the  divifions  of  which  cor- 
refpond  to  the  logarithmic  tangents  of  the  faid  points  and  quarters. 

Ill,  A  line  marked  Num.  (numbers),  where  the  logarithms  of  num- 
bers are  laid  dov/n. 
-  IV.  A  litKi-marked  Sin.  containing  the  log.  fines. 
V.  A  line  of  log.  verfed  fines,  marked  v.  s. 
VI.  A  line  of  log.  tangents,  marked  Tan. 
Vll,  A  meridional  line  llgned  Mer. 
VIII.  A  line  of  equal  parts,  marked  e.  p. 


68.  L  Of 
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iS-8.    ',,,^^-^       I.     Of  the  Line  of  Num  hers. 

The'whoTe  length  of  this  line,  or  fcale,  is  divided  into  two  equal  fpaces, 
or  intervals  :  the  beginning,  or  left-hand  end  of  the  firit,  is  marked  I  ; 
the  end^of  the  firft  interval,  and  beginning  of  the  fecond,  is  alfo  marked  i; 
and  the  end  of  the  fecond  interval,  or  end  of  the  fca'e,  is  marked  with  ip  j 
Both  thdfe  diftances  are  alike  divided,  beginning  at  the  left-hand  ends, 
by  laying  down  in'  each  the  lengths  of  the  logarithms  of  the  numbers 
^0,  30,  40,  50,  60,  70,  80,  90  J  taken  from  a  fcale  of  equal  parts, 
fuch  that  10  of  its  primary  divifions  make  the  length  of  one  interval  : 
And  the  intermediate  divifions  are  found,  by  taking  the  logarithms  gf  like 
intermediate  numbers. 

From  this  conftruftion  it  is  evident,  that  when  the  firft  i  ftands  for  i, 
die  fecond  i  ftandsfofio,  and  the  end  lo  denotes  loo  j 


[    '°» 

100, 

\(sfc. 

.^  *^  ^ 

1'  -*- 

1  o> 

<:     ( 

"*  ,0 


100, 

«  TJ 

.  1000; 

1000, 

oj 

1 0000  ; 

^c. 

iS^^ 

iff  a 

I  3 

"     B 

10 ; 

tV> 

C     4J            J 

I ; 

iffc. 

<:2      1 

.      ^c; 

"  An<i  the  primary  and  intermediate  divifions  in  each  interval  muftbe 
eftimated  according  to  the  values  fet  on  their  extremities,  viz.  at  the  be- 
ginning, middle,  and  end  of  the  fcale. 

Now  the  examples  moft  proper  to  be  worked  by  this  fcale,  are  fuch 
where  the  numbers  concerned  do  not  exceed  looo,  and  then  the  firft  i 
ftands  for  lo,  the  middle  i  for  lOO,  and  the  lo  at  the  end  for  lOoo  : 
The  primary  divifions  in  the  firft  interval,  viz.  2,  3,  4,  5,  6,  7,  8,  9, 
ftands  for  20,  30,  40,  50,  60,  70,  80,  90,  and  the  intermediate  divi- 
fions ftand  for  units.  In  the  fecond  interval,  the  primary  divifions  fignjd 
2»  3>  4>  5>  6,  7,  8,  9,  ftand  for  200,  300,  400,  500,  600,  700,  800, 
000  ;  each  of  thefe  divifions  are  alfo  divided  into  ten  parts,  which  repre- 
sent the  intermediate  tens.  Between  100  and  200  the  divifions  for  tens 
are  each  fubdividcd  into  five  parts  ;  fo  that  each  of  thefe  IclTer  diviPons 
ftand  for  two  units.  The  tens  between  2C0  and  500  are  divided  into 
two  parts,  each  ftanding  for  five  unit?  :  The  units  between  the  tens  from 
500  to  1000  are  to  be  eftimated  by  the  eye  ;  which  by  a  little  practice  is ' 
readily  done.  * 

From  this  defcription  it  v/ill  be  eafy  to  find  the  divifion  reprcfinting  a 
given  number  not  exceeding  icoo:  Thus,  the  number  62  is  the  fecond 
fmall  divifion  from  the  6,  between  the  6  and  7  in  the  firft  interval :  The 
number  435  is  thus  reckoned  ;  from  the  4  in  the  fecond  interval,  count 
towards  the  5  on  the  right,  three  of  the  larger  divifions,  and  one  of  the 
fmallcr  J  and  that  will  be  the  divifion  exprelfing  435.  And  the  Hke  of 
other  numbers. 


I  2  69.  II.  For 


ii6  T  R  i  G  O  N  O  M  E  T  R  Y.        Book  III, 

69.  II.     r or  the  Line  of  Sines, 


This  fcalc  terminates  at  90  degrees,  juft  againft  the  10  at  the  end  of  thfr 
line  of  numbfcrs  ;  and  from  this  termination  the  degrees  are  laid  backwards, 
or  from  thence  towards  the  left :  Now  fecking  in  a  table  of  logarithmi< 
fmes,  for  the  numbers  exprefling  their  arithmetic  complements,  witho;,: 
the  index,  take  thofc  numbers  from  the  fcalc  of  equal  parts  the  logs."/ 
the  numbers  were  taken  from,  and  apply  them  to  the  fc^l^  of  fines  frt*^ 
90°,  and  they  will  give  the  fevcra)  divinons  of  this  fcale.  '^■ 

Thus  the  arith.  conip.  of  the  log.  fines  (or  the  co-fecants)  abating  t'r 
index,  of  10°,  2.0°,  30",  40°,  ^c.  are  the  numbers  76033,  46595,  3010  v 
19193,  ^^'  '^^^  ^'^^  equal  parts  to  thofe  numbers,  laid  from  90=,  wjj' 
give  thedivifions  for  10',  20",  30°,  40°,  ^c.  and  the  like  for  the  inter- 
mediate degrees. 

Proceeding  in  this  manner,  the  arith.  comp.  of  the  fine  of  5°  45'  will  bc 
about  equal  to  10  of  the  primary  divifions  of  the  fcale  of  equal  parts,  or  to 
one  interval  in  the  log.  fcale ;  fo  that  a  decreafe  of  the  index  by  unity, 
anfwers  to  one  interval ;  then  a  decreafe  of  the  index  by  2  anfwers  to  two 
intervals,  or  the  whole  length  of  the  log.  fcaie ;  and  this  happens  about 
the  fine  of  35  nnin.  and  thedivifions  anfwering  to  the  fine  of  a  little  above 
3  min.  ij'fz.  3'  26^''.  will  be  equal  to  3  intervals  ;  and  the  fine  of  about 
26'^  will  be  4  intervals,  &c,  fo  that  the  fine  of  90°  being  fixed,  the  be-» 
ginning  of  the  fcale  is  vaftly  diftant  from  it. 

It  is  ufual  to  infert  the  divifions  to  every  5  minutes,  as  far  as  10  de- 
grees ;  frpm  10°  to  30°,  the  /mall  divifions  are  of  15  minutes  each  ;  froin 
30°  to  50",  contains  every  half  degree  ;  from  50°  to  70",  are  only  whole 
degrees  j  the  reft  are  eafily  reckoned, 

70.  III.     For  the  Line  of  Tangents. 

As  the  tangent  of  45  degrees  is  equal  to  the  radius,  or  fine  of  90°; 
therefore  45°  on  this  fcale,  is  terminated  diredtly  oppofite  to  90  on  the 
fines  ;  and  the  fevcral  divifions  of  this  fcale  of  log.  tangents  are  con- 
flru(5led  in  the  fame  manner  as  thofe  of  the  fines,  by  applying  their  arith. 
comp.  backwards  from  45°,  or  towards  the  left-hand. 

The  degn^es  above  45,  are  to  be  counted  backwards  on  the  fcale  : 
Thus  the  divifion  at  40-'  rcprefents  both  40°  and  50° ;  the  divifion  30 
ferves  for  30°  and  60" j  and  the  like  of  tlie  other  divifions,  and  their  inter- 
n^.ediates, 

71.  IV.     For  the  Line  of  Veifed  Sines. 

This  line  begins  at  the  termination  of  the  i^unibcrs,  fines,  and  tangents ; 
But  as  the  nimibers  on  thofe  lines  dcfcend  from  the  right  to  the  left,  fo 
thcfe  afcend  in  the  fame  direction  :  Now  having  a  table  of  logarithmic 
verfcd  fines  to  180  degrees,  let  each  log.  vcrfed  fine  bc  fubtra6led  from 
that  of  iHo  degrees  ;  then  the  remainders  being  fucceffively  taken  from 
the  faid  fcaie  of  equal  parts,  and  laid  on  the  ruler  backv/ards  from  the 
eonimou  tcrmin.ition,  the  fcveral  divifions  of  this  fcale  wiU  be  obtained. 

The 
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The  numbers  for  each  lodeg.  are  in  the  following  table. 
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p 

HIC 


Numb. 


0,0033 
0,0133 
0,0301 


D. 


Numb. 


400,0540 

5oo,c8i4 
600,1219 


Numb- 


0,173; 

0.23 > 5 
0,301c 


Dep. 


100 

no 
120 


Num  b. 


0,3^39 

o  4828 
o,6c2i 


Deg, 


130 

140 
150 


Numb.  iDeg, 


0,74^1 
0,9319 
1,1740 


160 
170 
180 


Numb. 


1.5207 

2,2194 

10,3010 


3d 


k. 


H 


Now  CO- fine:  racJ.  : 
fine  :  rad.  : 
tan.     :  rad.  : 


The  other  fcales  will  be  delcribed  in  their  proper  places. 

Dmonfiration  of  the  foregoing  confiru^ions. 
Xhatof  the  log.  numbers,  is  evident  from  the  nature  of  logarithms, 

Fior  the  Sines  and  tangents, 

rad.  :  fecant    (34^1     Then  co-f.  x  fecant    =1 
rad.  :  co-fee.  (35).  fine    X  co-fee.  m 

rad.  :  co-tan.  (36).  tan.  x  co-tan,  =1 

The  radius  of  the  tables  being  fuppofed  equal  to  i. 
Hence  it  is  evident,  that  in  either  cafe,  one  of  the  quantities  will  be 
equal  to  the  quotient  of  unity  divided  by  the  other. 

But  divifion  is  performed  by  fubtraclion  with  I'DgarithmS* 
And  to  fubtradl  a  log.  is  the  fame  as  to  add  its  arith.  comp. 
Confequcntly,   the  logarithmic  co-fine  and  fecant  of  the  fame  degrees 
arc  the  arithmetical  complements  of  one  another. 

And  fo  are  the  logarithmic  fines  and  co-fecants  :  Alfo  the  logarithmic 
tangents  and  co-tangents  are  the  arith.  comp.  of  one  another. 

73.  Now  as  the  arith.  comp.  of  any  number  is  what  that  number 
wants  of  unity  in  the  next  fuperior  place  ; 

Therefore  every  natural  fine  and  its  arith.  comp.  together  oiake  the  ra- 
dius. 

And  the  fines  begin  at  one  end  of  a  radius,  and  end  in  90"  at  the  other 
end. 

Therefore  in  a  fcale  of  fines,  the  arith.  comp.  of  any  fine,  or  its  co- 
fecant,  laid  backwards  from  90",  gives  the  divifion  for  that  fine.  And 
the  like  muft  happen  in  a  fcalcof  log.  fines. 

74.  Alfo,  as  the  logarithmic  tangents  and  co-tangentS  are  the  arith* 
comp.  of  one  another;  therefore  in  a  fcale  of  log.  tangents,  the  divifions 
to  the  degrees  both  under  and  above  45,  are  equally  diftant  from  the  di- 
vifion of  45°. 

Confequcntly  the  divifions  fcrving  to  the  degrees  under  45,  will  fervcj 
by  reckoning  backwards,  for  thofe  above  45. 

75»  For  the  Verfed  Sines. 

Although  the  numbers  in  the  line  of  verfed  fines  afcend  from  right  to 
left,  yet  they  are  only  the  fupplements  of  the  real  verfed  fines,  which  arc 
numbered  in  the  fame  order  as  the  fines,  that  is,  from  left  to  right :  But 
as  the  beginning  of  the  verfed  fines  falls  without  the  ruler,  therefore  it  is 
moft  convenient  to  lay  down  the  divifions  from  the  point  where  the  verfed 
fines  terminate  at  180  degrees,  that  is,  againft  90=  on  the  fines. 

Now  it  is  evident  that  the  divifions  laid  ofF  from  this  termination  mufl 
be  the  differences  between  the  log.  verfed  fines  of  the  fevcral  degrees,  ^V. 
and  that  of  i8o  degrees, 

I  3  SECTION 
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s  E  c  T  I  o  N  y.  : 

^je  life  of  the  Gunter's  Scale  in  Plane  Trigonometry. 

76.  When  a  Trigonometrical  Qiieftion  is  to  be  folved  by  the  Guntcr's 
fcale,  it  niuft  flj  ft  l>e  ftjted  by  the  precepts  to  that  problem  under  which 
the  queftion  falls,  whether  it  be  by  oppofite  fides  and  angles,  or  by  two 
fides  and  their  incltided  angle,  or  by  three  fides. 

77.  In  all  proportions  wrought  by  the  Gunter's  fcale,  when  the  firfl  and 
fecond  terms  arc  of  the- fame  kind,  then 

The  extent  from  the  firji  term  to  tjhefecond.  will,  reach  from  the  thirA  term, 
to  the  fourth. 

Or,  when  the  firfl  and  third  terms  arc  of  the  fame  kind. 

The  extent  from  the  firfl  term  to  the  third  will  reach  from  the  fecond, 
term  to  the  fourth. 

That  is,  fct  one  point  of  the  compafTes  on  the  divifion  exprefllng  the  firH; 
term,  and  extend  the  other  point  to  the  divifion  exprefllng  the  fecond  (or 
third)  term  ;  then,  without  altering  the  opening  ofthe  compalTes,  fet  one 
point  on  the  divihon  reprefenting  the  third  term  (or  fecond  term),  anc^ 
the  other  point  will  fall  on  the  divifion  fhewing  the  fourth  term  or 
anfwer. 

In  working  by  the(e  diredlions,  it  is  proper  to  obfcrve, 

78.  Firft.  The  extent  from  one  fide  to  another  fide,  is  to  be  take^ 
from  the  fcale  of  numbers  j  and  the  extent  from  one  angle  to  another  is 
to  be  taken  from  the  fcale  of  fines,  in  working  by  oppofite  fides  and  angles  • 
or  from  the  fcale  of  tangents,  in  working  by  two  fides  and  the  included 
angle. 

Secondly.  When  the  extent  from  the  firft  term  to  the  fecpnd  (or  third) 
is  decrcafing,  or  is  from  the  right  to  the  left,  then  the  extent  from  the  third 
term  (or  fecond)  muft  be  alfo  decrcafing;  that  is,  applied  from  the  right 
towards  th-?  left :  And  the  like  caution  is  neceflary  when  the  extent  i^ 
from  the  left  towards  the  right. 

Thefc  precepts  being  carefully  attended  to,  what  follows  will  be  readily 
undexflood.  / 


79-  ^. 
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79.  In  Example  I.     See  article  53. 

As  s,Z.c  :  AB  :  :  s,z.b  :  ac.     Or  8,42°  05'  :  195  :  :  s,  9®°  00';  Q^, 
where  Q^ftands  for  the  number  fought. 

Now  the  extent  from  4.2"  05'  to  90<'  00',  taken  on  a  fcale  of  fines,  and 
applied  to  the  fcale  of  numbers,  will  reach  from  195  to  291.  See  art  69. 

Alfo.  As  s,z.c:  ab::  s,^a;bc.    Or  s,  42" 05' :  195  :  :  5,470  55' ;  q. 

Then  the  extent  from  42°  05'  to  47°  55'  on  the  fines,  being  applied  to 
the  numbers,  will  reach  from  195  to  2i6.     See  art.  68. 

In  each  of  thefe  operations,  the  firft  extent  was  from  the  left  to  the  right, 
or  increafing  ;  therefore  the  fecond  extent  muft  be  from  left  to  right  alfo. 

80.  In  Example  IV.     See  art.  56. 

As  AC  :  s,Z.B  ; :  AB  :  s,z.c.     Or  291  :  5,90°  00' :  :  195  :  q. 

Here  the  extent  from  291  to  195,  taken  on  the  numbers,  and  applied 
to  the  fines,  will  reach  from  90°  00'  to  42''  05'. 

The  firft  extent  being  from  the  right  towards  the  left,  or  decreafing  j 
therefore  the  fecond  extent  muft  be  alfo  from  the  right  to  the  left. 

In  Example  VII.     See  art.  59. 

As  AB  :  Rad.  :  :  BC  :  t,Z.A.     Or  195:  t,  45°  00':  :  216  :  q^ 

Then  the  ej^tent  from  195  to  216  on  the  numbers,  will  reach  from 
45"  00'  to  47°  55'  on  the  tangents. 

Here  the  firfl  extent  being  from  left  to  right,  or  increafing,  therefore 
the  fecond  extent  muft  alfo  be  increafing  :  Now  on  the  tangents,  this  in- 
crcafe  above  45°  does  not  proceed  from  left  to  right,  but  from  right  to 
left,  the  fame  way  that  the  decreafe  proceeds  (70}  j  confequently  the  di- 
vihon  which  the  point  falls  on  for  the  fourth  term,  muft  be  eftimated  ac- 
cording as  the  firft  extent  is  increafing  or  decreafing. 

Thus  had  the  proportion  been. 

As  BC  :  Rad.  :  :  ab  :  t,z.c.     Or,  216  :  t,45°  00' :  :  195  :  q. 

Then  the  extent  from  216  to  195  on  the  numbers,  will  reach  from 
45°  00'  to  42°  05',  eftimated  as  decreafing. 

81.  When  two  fides  and  the  included  angle  are  given,  and  the  tangent 
of  half  the  difference  of  the  unknown  angles  is  required. 

Then,  on  the  line  of  numbers  take  the  extent  from  the  fum  of  the 
given  fides  to  their  difference  ;  and  on  the  line  of  tangents  apply  this  ex- 
tent from  45°  downwards,  or  to  the  left;  let  the  point  of  the  compaiTc-s 
reft  v/hcrc  it  falls,  and  bring  the  other  point  (from  45")  to  the  divifion 
aniwering  to  the  half  fum  of  the  unknown  angles  ;  then  this  extent  ap- 
plied from  45°  downwards,  will  give  the  half  difference  of  the  ujiknovvni 
angles :  Whence  the  angles  may  be  found.  (47) 

I  4  In 
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In  Example  IX;     S^tthe  art.  6i.' 


As  Ato  +  AC  I  AB — AC  : :  t,iz.c+  Z-B  :  t,|il.c — Z^b. 
Or     567      :     249      :  :  t,  60"  56'      :  q^ 

.  Kow  the  ejctent  from  567  to  249  on  the  numbths,  being  applied  to  the 
langcntSi  will  reach  from  45"  to  about  23"  40' :  Let  one  point  of  the  com- 
|jafie6  reft  on  this  divifion,  and  bring  the  other  to  60°  56'  j  then  this  ex- 
tent vriil  reach  from  45'  to  38°  19^  the  half  difference  fought. 

And  this  method  will  always  give  the  half  difference,  whether  the  half 
fura  of  the  angles  is  greater  or  lefs  than  45°. 

82.  But  when  the  half  fum  and  half  difference  are  greater  than  45*; 
then  the  extent  from  the  fum  of  the  fides  to  their  difference  on  the  fcale  of 
humbers,  will  (on  the  tangents)  reach  from  th?  half  fum  of  the  angles  to 
their  half  difference,  reckoning  from  left  to  right. 

Ahd  when  the  half  fum  and  half  difference  are  both  lefs  than  45  ;  then 
the  extent  from  the  fum  of  the  fides  to  their  difference,  taken  from  the 
humbers  and  applied  to  the  tangents^  will  reach  from  the  half  fum  of  the 
angles  downwards  to  their  half  difterence. 

83.  When  the  three  fides  are  given  to  find  an  angle,  and  a  perpendi- 
cular is  drawn  from  an  angle  to  its  oppofite  fide.     See  Ex,  X.  art.  62. 


As    AC 

:  BC  +  AB  : 

:  EC — AB  t  CD — AD. 

Or  291 

:4ii         : 

:    21         :  (^ 

^J"ow  the  extent  from  291  to  411  on  the  fcale  of  numbers,  will  reach 
frcm  21  to  29,6  on  the  numbers  alfo. 

Then  the  extent  for  the  angles  is  performed  in  the  fame  manner  as 
ftjewriinEx.  L  (78) 

84.  Or  art  angle  may  be  found  by  Problem  VI.  as  follows* 
In  the  fcale  of  numbers,  take  the  extent  from  the  half  fum  (of  G  and  d) 
to  either  of  the  containing  fides  (as  e)  ;  apply  this  extent  from  the  other 
containing  fide  fas  f),  to  a  fourth  tern)  :  Let  one  point  of  the  compafles 
t-eft  on  thi6  fourth  teVni,  and  extend  the  other  to  the  half  difference  (of 
C  and  d)  ;  then  this  extent  applied  to  the  Verfed  fines  from  the  begin* 
hing,  will  give  the  fupplement  of  the  angle  fought. 

In  Example  X.     See  art.  62* 

£  r:  291  ;  Frr2i6j  half  fum  ==135-,  half  difT.  =:  60. 

Thert  oh  the  numbers,  the  extent  from  135  to  291,  will  reach  from 
it  16  to  465  ;  let  the  point  reAk  there,  and  extend  the  other  to  60  ;  thcri 
this  extent  applied  to  the  verled  fines,  will  reach  from  the  beginning  tc» 
^37"  i^''i  Whi£h  taken  fronr  i^C,  leaves  ^i'-  04.^  for  the  angle' foaght* 

Bs.  In 
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8|.  In  Example  XI.     See  art.  63. 

HereE=4o8;  f  =  35i  ;  halffum  of  g  and  d  =  io8;  half  diff.=5f,. 
Then  on  the  numbers,  the  extent  from  io8  to  408,  will  reach  from 
351  in  the  fecond  interval,  to  a  fourth  number  :  But  as  the  point  of  the 
tbmpaftes  falls  beyond  the  end  of  the  fcale,  therefore  let  the  extent  from 
108  to  408  be  applied  in  the  firft  interval,  which  will  reach  from  35,1 
to  1 32,6  ;  let  one  point  reft  on  1 32,6,  and  ektend  the  other  point  of  the 
compafles  to  5 1 .  Now  as  this  extent  of  the  Compafles  is  lefs  than  it 
ought  to  be,  by  one  inter/al^  or  half  the  length  of  the  fcale  of  numbers  ; 
therefore  the  laft  extent,  when  applied  to  the  verfed  fines,  muft  be  from 
that  divifion,  on  the  verfed  fines,  oppofite  to  the  middle  of  the  fcale  of 
numbers,  which  is  nearly  at  143°  ;  and  it  will  reach  from  thence  to  the 
verfed  fine  of  157°  23^;  which  taken  from  180°,  leaves  22°  37'  for  the 
angle  fought* 

86.  Moft  of  thifi  writers  on  Plane  TrigOhometry  treat  of  right  angled, 
and  of  oblique  angled  triangles  feparately ;  making  feven  cafes  in  the 
former,  and  fix  cafes  in  the  latter  :  But  as  every  one  of  thefe  thirteen  cafes 
fail  under  one  or  other  of  the  foregoing  Problems,  therefore  fuch  diftinc- 
tions  are  here  avoided,  it  being  conceived,  that  they  rather  tend  to  per- 
plex than  inftrudt  a  learner :  Alfo  in  the  generality  of  the  treatifeson  thiis 
fubjcft,  it  is  ufually  fhewn  how  the  folutions  of  right  angled  triangles 
are  performed,  by  making  (as  it  is  called)  each  fide  radius  ;  that  is,  by 
comparing  each  fide  of  the  triangle  with  the  radius  of  the  tables  :  And 
although  thefe  confiderations  are  here  omitted,  yet  the  inquifitive  reader 
will  find  them  in  Book  VII.  near  the  beginning* 

87.  Befide  the  demonftration  of  Problem  IV.  at  aft.  48.  it  has  been 
thought  proper  to  give  another  demonftration ;  becaufe  there  arifes  from 
it  a  Theorem  ufeful  on  feme  occafions  :  Moreover,  there  is  alfo  added 
methods  of  deriving  other  rules  for  the  folution  of  the  cafe  where  the 
three  fides  are  given  to  find  an  angle ;  which,  if  they  fhould  be  found  of 
no  other  ufe,  will  perhaps  be  agreeable  cxercifes  of  Geometry  to  thofc 
who  are  delighted  with  thefe  ftudies. 
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SECTION    VI. 

Propertied  of  Plane  Triangles, 


J^.  In  any  plane  triangle  abc, 

tjiven  CA,  ^B,  and  Z.C. 
ktquired  the  angles  Band  a. 

SoLtJTlON.  Take  cd=:cb,  and  draw  PB. 
Bifeft  DB  in  f,  da  in  e,  draw  cfg,  and  ef, 
Which  is  parallel  to  ab.  (II.  165) 

Kow  DE  or  AE  is  equal  to  half  the  aifFerence 
ofcAandcB. 

And  CE  ( =:cA— ae)  is  equal  to  the  half  fum 
hi  CA  and  CB. 

The  fum  of  the  equal  angles  cbd,  Cdb  (II.  104)  is  equal  to  the  fum 
of  the  unknown  angles  cba,  cab.  (II.  08) 

Then  the  angle  cbd  is  the  half  fum,  and  the  angle  abd  is  the  half 
difference  of  the  unknown  angles  ci^a,  cab.  (47) 

And  as  cfg  is  at  right  angles   to  db  (IT.  103) ;  cf  is  the  tangent  of 
Z.CBD,  and  of  is  the  tangent  of  Z.ABF  to  the  rad.  bf.  (4) 

Thtn  CE  :  EA  :  :  CF  :  OF  (II.  165)  :  Or  2ce  :  2ea  :  :  cf  :  fg.  (II.  151) 

That  is,  ca  +  cb  :  ca — cb  :  :  tan.  |Z.cba+cab  :  tan.  f /Lcba— cab. 

69.  Again.  From  h,  the  middle  of  cd,  draw  hi  at  right  angles,  and 
6qual  to  CH ;  draw  Di,  and  EK  parallel  to  Di,  meeting  ci  produced  in 
K  ;  and  join  lE. 

Now  he=:(|cd  +  |da)|ca  ;  and  CHnfcB. 
And  HErrtangent  of  the  angle  hie  to  the  radius,  HirtHC. 
Then  CB  :  CA  :  :  (2hc  :  2he  :  :  hc  :  he  :  :  )  Radius  :  tan.  Z.HIE. 
And  /.hie—  (z.hid=:)  45°=Z.die=:z.kei  (II.  95)  is  known. 

CK  :  Ki;  becaufe  Z.KCEr:z.KEc. 

CE  :  ED.  (II.  i66) 

(I.  151) 

:  :  CA-{-CJ^:cA— cb::  if,f  fumZ.^:/,IdifF.z.j(48) 

Ponfequently  rad.  :  tan.  Z.kei  :  :  tan.  |;Z.cba+cab  :  tan.  |z.i.ba— cab. 

This  rule  is  often  ufeful  in  Aftronomical  calculations,  when  the  loga- 
rithms of  the  fides  ab,  bc  are  only  known,  and  the  angles  bac,  bc  a,  are 
required,  without  finding,  from  thofe  logarithms,  the  fides  themfclves. 

For  the  difference  between  the  logarithms  of  the  fides,  increafed  by 
radius,  gives  the  tangent  of  an  arc ;  which  arc  lefTened  by  45^  leaves  a 
fecond  arc. 

Then  as  rad.  :  tan.  fecond  arc  :  :  tan.  '  fum  4,5 :  tan.  \  difF.  z./. 


Then  rad. 

:  tan.iUKEi  : 

:  EK 

KI  : 

But 

:  CK 

Ki  : 

:2CE 

2ED. 

90.  In 
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90.  In  any  plane  triangle  abc,  where  the  three  fides  are  known,  the 
meafure  of  either  angle  (as  the  angle  a,  included  between  the  fides  aB| 
Ac)  may  be  found  feveral  ways,  as  {hewn  in  the  following  articles. 
The  letters  {,/,  "y,  ftand  for  fine,  tangent,  verfed  fipe. 

' s\  i\  ftand  for  co-fine,  co-tangent. 

v\  ftands  for  the  verfed  fine  of  the  fiipplement. 
Alfo  5J,  ti,  ftand  for  the  fquares  of  the  fine  and  tangent. 
Alfo  yV,  ft^,  ftand  for  the  fquares  of  the  co-fine  and  co-tangent, 

RadiuS=i:R=:AB  =  AE  =  ADj    and  H  =  i;AB+|;AC+iBC. 


E  c 


91.   JjiZ-A  — RX*/- Here  ^e=|^.a. 

V  AC  X  AB 

For  r:  s,  iZ.A  :  :  (DEr=)2AB  :  BQ. 
And  RR  :  ss,  ^Z-a  '.  :  4ab^  :  bd\ 

Mow /ijl^ArrRRX . 

4AB^ 


2AB         2H— 2ACX2H— 2BC 

—77^^ — — xrr; 

4AB  2AC 


Then  s,  i^A=RxJllr±El±z^, 

V  ACX  AB 


(11. 
(II. 

(II. 


f45) 
161) 

164) 

179) 


2R 


92.     -'^  A-X^-^^T^^y'HXH-CBXH— ACXH-AB* 

For  AB  :  BC  :  ;  R  :  s,jLa, 
And  AB^  :  BG*  :  :  RR  :  ss^  A  a. 

..  RR 

JNOW    SS.    Z.A= rXBG\ 

AB  f 

RR  A 


~T^  ^  T7I  ^  -^  ^  H_CB  X  H-AC  X  H— AB. 
AB         AC 


f45) 
(II.  161) 

(11.  164) 
(II.  180) 


XH— CB 


93-  s\lz.A  =  RxJ!Ull^z±^,  Here^E=.IZ.Aiandz.D  =  comp.Z.E. 

V      AC  X  AB 

For  R  ;  s\  iz.A  :  :  (de=:)  2ab  :  be. 


And  RR  :  ;V,  {/L. 

Wow  jV,  iZ.A  =  RR  X 


4AB*'  :  be  . 


4AB'- 

4AB''X2AC 


2ABX4XH  Xh— CK 

=:rrx ^ 


(45) 

(II.  161) 
(II.  164) 

(II.  178) 
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T^  ,  HXH—CB 

*«-R:/,  |.£.a::be:bd. 
And  RR://,  i^A::BE*:BD*. 


KtiW^/,»-^A  =  RRX 


KXH~BC 
V  ,  H— .ACXH  —  AB 

For  BD*  :be*'  '  fit   ■  /  a  .  « «       \ 
TfaefliV^,.^A=RRx^ 

BD* 


I      \  \     \ 


G     A 


£ 


C46) 

(II.  ibi) 

(II.  164) 
(11.  178,179) 


(36) 
(11.  178,  179} 


9«-     fi  AArr2RX^i=^^iiii-^. 
acxab 
roTRiv,  z.a':  :  ab  :  gd. 

Then  t,,  ilA=R  x  —  =:r  xl^l^HEEilf^ 


ab 


ACX  AB 


^7-    vVA=2Rx'i^^ii:=^. 

.  ACXAB 

For  r:v\  a  :  :  ab  :  ge. 

Then^;\  Z.A  =  RX^  =  Rxi^l!lil^!E£!. 

^^  ACXAB 


98.      j'  Z-  A  =  »  R  X 


CB*— AC*— AB» 


P  ^  ACX  AB 

l*or  R  :  c,  ^A  :  :  AB  :  AG. 

Tfaens\  /  A-p  v^^p  ^Bc--^Ac*-AB* 

AB  2ACXAB 


(45) 
("•  177) 


(45) 

(II.  176) 


(45) 

(11. 174) 


KND    OF    BOOK    III. 


THK 


''''  /  y'--*^"'  ^cu/^i 


ai/ti/ntit/tt/</<-  lu/i 


THE 

E  L  E  M  E  N  T  S 

of' 

NAVIGATION, 


BOOK     IV. 

OF      SPHERICS. 

SECTION     I. 

Definitions  and   Principles^ 

J.  pi  P  H  E  RIC  S  is  that  part  of  the  Mathematics  which  treats  of  the 
1^  pofition  and  magnitude  of  arcs  of  circles  defcribed  on  the  furface 
of  a  fpherc. 

2.  A  Sphere  is  a  folid  contained  under  one  uniform  round  furface, 
fuch  as  would  be  formed  by  the  revolution  of  a  circle  about  its  diameter, 
that  diameter  being  immoveable  during  the  motion  of  the  circle. 

Tims  the  circle  A  f.bd  revolving  about  the  diameter  A^.,  will  generate  a  fphere^ 
the  furface  of  which  will  be  formed  by  the  circumference  Aebd.   See  Plate  I. 

3.  The  Center  and  Axis  of  a  fphere  are  the  fame  as  the  center  and 
diameter  of  a  generating  circle  :  And  as  a  circle  has  an  indefinite  num- 
ber of  diameters,  fo  a  fphere  may  be  confidered  as  having  alfo  an  indefinite 
number  of  axes,  round  ^ny  one  pf  which  the  fphere  may  be  conceived  to 
be  generated. 

4.  Circles  of  the  Sphere  are  thofe  circles  defcribed  on  its  furface 
by  the  motion  of  the  extremities  of  fuch  chords  in  the  generating  circle  as 
arc  at  right  angles  to  the  diameter,  or  to  the  axis  of  the  fpherc. 

Thui  by  the  motion  of  the  circle  aebd  about  the  diameter  AP,,  the  extre~ 
mitiet  of  the  chords  ED,  GF,  IH,  at  right  angles  to  ab,  will  defcribe  circles 
the  diameters  ofxubich  are  equal  to  thofe  chords  refpeiiively,     Plate  I. 

5.  The 
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5.  The  Poles  of  a  circle  on  the  fphere^  are  thofe  points  on.  its  fuN    \ 
face  equally  diftant  from  the  circumference  of  that  circle. 

Thus  A  anfi  b  are  the  poles  of  the  cifc/es  defcrihed  on  the  fphere  hy  the 
ernfi  of  th*  chords  EDy  gf,  ih.     Plate  I. 

6.  A  Great  Circle  of  the  fphere,  is  that  circle  which  is  equally 
diftant  from  both  its  poles. 

Thus  the  circle  defcrihed  6j^  ihe  extremities  E,  D,  of  the  diameter  ED,  tff 
ri^hf  angles  to  AB,  being  equally  difiant  from  its  poles  A  and  b,  is  called  a 
great  circle, 

7.  Lesser  Circles  of  the  fphere,  or  fmall  circles,  arc  thofe  circles 
which  are  unequally  diftant  from!both  their  poles. 

Thus  the  circles  of  which  fg,  hi,  are  diameters,  having  tht^r  polfs  A  and  B 
unequally- difiant^  Jrotn  iheniy  are  ciilled  Itffet  cir elds,-  ^ '^ 

8.  Parallel  Circles  of  the  fphere,  are  thofe  circles,  the  planes  of 
which  are  confidered  as  parallel  to  the  plane  of  fome  great  circle. 

Thus  the  circles  having  tht  dianftcrs  FG,  Yii^  are  catted  parallel  circlei  iH 
rffpeA  of  the  great  Arcleof%vhich*i^  is  the- diameter. 

9.  A  Spheric  Angle'  is  the~  incUnatien  of  two  great  circles  of  the 
Iphere  meeting  one  another; 

10.  A  Spheric  Triangle  is  3  figure  formed  on  the  furface  of  a 
lj)here  by  tHe  mutual  interfe<5tions  of  three  great  circles. 

IT.  The  STEREOGRArHic  Projection  of  the  fphere,  is  fuch  a  re- 
prefentation  of  its  circles,  up6ft  th(J  plane  of  one  of  therti'paffing  through 
the  center,  and  called  the  Plane  of  Projection,  as" would  appear  to 
an  €ye  placed  in  one  of  the  pole* -of  that  great  circle,-  and  thence  viewkig- 
the  circles  on  the  fphere. 

12.  The  place  of  the  Eye  is  called  the  Projecting  Point,  or  lower" 
pole :  and  the  point  diametrically  oppofite  is  called  the  remoteft,  or  op- 
pofite,  or  upper  pole.  , 

Alfo,  the  projedlion  of  any  point  on  the  fphere,  is  that  point  in  the 
plane  of  projection,  through  which  the  vifual  ray  pafles  to  the  eye. 

13.  The  Primitive  Circle  is  that  great  circle,  on  the  plane  of 
which  the  reprefentationsof  all  the  other  circles  arefuppofcd  to  be  drawn. 

14.  An  Oblique  Circle  is  one  which  has  its  plane  obHque  to  the 
eye. 

15.  A  RiG«T  Circle  is  that  which  is  perpendicular  to  the  plane  of 
the  primitive  circle,  and  if  it  be  a  great  circle,  its  plane  pafles  through  the 
eye,  and  it  is  feen  edgewife  ;  coniequently  it  is  reprefented  by  a  ftraight 
line  drawn  through  the  center  of  the  primitive  circle. 

AXIOMS. 
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AXIOMS. 

16.  The  diameter  of  every  great  circle  pafTes  through  the  center  of  the 
fphere  J  but  the  diameters  of  fmall  circles  do  not  pafs  through. the  fame 
center :  Alfo  the  center  of  the  fphere  is  the  common  center  of  all  its 
great  circles. 

17.  Every  feilion  of  a  fphere,  by  a.  plane  pafHng  thpugh  its  drcum* 
ference,  is  a  circle. 

1^  A  fphere  is  divided  into  two  equal  parts  by  the  plane  of  every  great 
circle ;  and  into  two  unequal  parts  by  tne  plane  of  every  fmall  circle. 

19.  The  pole  of  every  great  cirdle  is  at  90  degrees  diftance  from  it  oijr 
the  furface  of  the  fphere;  And^no  two  great  circles  can  have  a  common 

pole. 

20.  The  poles  of  a  great  circle  are  the  extremities  of  that  diameter,  or 
axis,  of  the  fphere,  which  is  perpendicular  to  the  plane  of  that- circle, 

21.  Lines  flowing  to  the  projecting  point,  or  place  of  the  eye,  from 
every  point  in  the  circumference  of  a  circle  which  it,  views»  fornvtho 
convex  furface  of  a  Cone. 

22.  A  plane  pafling  through  three  points  on  the  furface  of  a  fphere,. 
equally  diftant  from  the  pole  of  a  great  circle,  will  be  parallel  to  the 
plane  of  that  circle. 

23.  The  (horteft  diftance  between  two  points  on  the  furface  of  a  fphere, 
is  the  arc  of  a  great  circfe  paflii;.;  through  thofe  points. 

24.  If  one  great  circle  meets  another,  the  angles  on  either  fide  are  fuppie- 
ments  to  one  another;  and  every  fpheric  angle  is  lefs  than  180  degrees. 

25.  A  fpheric  angle  is  meafured  by  an  arc  of  a  great  circle  intercepted 
between  the  legs  of  that  angle,  90  degrees  diftant  from  the  angular  point, 

26.  If  two  circles  interfedl  one  another,  the  oppofite  angles  are  equal. 

27.  Two  fpheric  triangles  are  congruous,  if  two  fides  and  their  con- 
tained angle  in  one,  arc  equal  to  two  fides  and  their  contained  angle  in 
the  other,  each  to  each  :  Or  if  two  angles  and  the  contained  fide  in  the 
one,  are  equ.il  to  two  angles  and  their  contained  fide  in  the  other,  each 
to  each  :  Or  if  the  three  fides  in  the  one  are  rcfpedtively  equal  to  the 
three  fides  in  the  other. 

28.  All  parallel  circles  have  the  fame  pole,  and  maybe  conceived  to  be  • 
concentric  to  the  great  circle  which  they  arc  parallel  to. 

29.  All  parallel  circles  on  the  fphere,  having  the  fame  pole,  arc  cut  into 
fimilar  arcs  by  two  great  circles  pafTing  through  that  pole. 

SECTION 
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SECTION      II. 
Stereographic    Propojitiom, 

30.  PROPOSITION!. 

Great  ctrcks  of  a  fphere  mutually  cut  one  another  into  two  equal  parts. 

Dem.  Any  two  great  circles  have  the  fame  common  center.  (i6) 

And  their  planes  interfedl  in  a  right  line.  (II.  209} 

Now  the  center  muft  lie  in  the  line  of  their  interfedion. 
Therefore  this  right  line  is  a  diameter  common  to  both. 
But  ^very  circle  is  bifefted  by  its  diameter. 
Therefore  the  circles  mutually  bifect  one  another. 

31.  CoROL.  I.  The  circumferences  of  any  two  circles  Interfe<Sling  one 
another  twice,  make  the  angles  at  both  fedlions  equal. 

For  the  planes  of  thofe  circles  have  the  fame  inclination  at  both  ends  of 
their  intcrfciJlion,  or  where  the  circumferences  interfedt, 

32.  CoRoL.  II.  Two  great  circles  of  the  fphere  will  cut  each  other 
twice  at  the  diHance  of  180  degrees,  or  in  opponte  points  of  the  fphere. 
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PROP.    II. 


The  dijlance  of  the  poles  of  two  great  circles,  is  equal  to  the  angle  formed 
by  the  inclinatisn  of  thofe  circles.     Plate  I. 

Dem.  Let  aeb,  ced,  be  two  great  c'/cles  of  the  fphere,  their  planes 
paffing  through  its  center  f  ;  and  let  a,  b,  be  the  poles  of  the  circle 
AEB,  and  r,  d^  the  poles  of  the  circle  ced. 

Then  is  the  arp  Afl=arc  €^=90".  (19) 

And  the  arc  ca  is  common  to  both  the  arcs  Aa  and  cr. 
Therefore  the  arc  ac^  meafuring  the  inclination  cfa  of  the  circles,  is 
equal  to  the  arc  ac  meafuring  the  diftance  of  the  poles,  (II.  48.) 

34.  CoROL.  I.  Two  great  circles  are  at  right  angles  to  one  another, 
when  they  pafs  through  each  other's  poles. 

35.  CoROL.  II.  The  pole  of  a  great  circle  is  90  degrees  diftant  from 
it,  taken  in  another  great  circle,  or  in  an  arc  of  it,  drawn  perpendicular 
tQ  the  former  circle, 

36.'  CoRoL.  III.  Two  or  more  great  circles,  at  right  angles  to  an-r 
other  great  circle,  interfe6l  one  another  90°  diftant  from  it,  or  in  the 
pole  of  the  latter  eircle.     And  the  like  of  arcs  of  great  circles, 

37.  CoROL.  IV".  If  feveral  great  circles  interfecSt  one  another  in  the 
pole  of  another  great  circle ;  then  are  the  former  circles  perpendicular  to 
0e  jatter, 
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38.  PRO  P.  m:       '  4^ 

//;  thejiereographU projeEi'ion  of  thefphere^  the  reprejgriiationi ojdJTafths, 
ftbt  pajfwg  through  the  proji^ing  pointy  will  be  circles.  Plate  I."  thf^i 
figures.  i,    -^  '  ■"'..-'  "''      ?^ 

Let  ACEDB  reprefent  a  fphere,  cut  by  a  plane  rs,  pafllngltWough  th^»^ 
center  i,  at  right  angles  to  the  diameter  eh,  drawn  from  e,  the  place  of 
the  eye.  .....  I 

And  let  the  feftion  of  the  fphere  (17)  by  the  plane  rs,  be  the  circfe\ 
CFDL,  its  poles  being  H,  and  e.  t^. 

Suppofe  AGB  is  a  circle  on  the  fphere  to  be  projefted,  its  pole,  mo  ft. 
remote  from  the  eye,  being  p  :  And  the  vifual  rays  from  the  circle  aB3 
meeting  in  E,  form  the  cone  agbe  (21)  of  which  the  triangle  aeb,  is  i? 
fecftion  through  the  vertex  e,  and  diameter  of  the  bafe  ab.  (II.  20.}.)- 

Then  will  the  figure  oghf,  which  is  the  proje<5lion  of  the  circle  bg  \, 
be  a  circle. 

Demonstration..    Since  the  z. e<7^  is  injeafured  hy  f^arc  AC  ^f  (Jard 
ED=:)  f  arc  ce.  i  o:.'l^ixr.  u      jaaJ^II'  137). 

And  the  /Leba  is  meafured  by  |  arc  ag  +  |  flCC-icS*  r::       :a:i  (II.  128) 
Therefore  the  angle  EB  An  angle  E^i^.  ,     .  (II.  50) 

And  fo  the  triangles  eab,  Eba  are  fimilar,  the  Z.E  being  comtxuwi.    , 
Therefore  ab  cuts  the  fides  ea  afid  .eb  of  the  cone,  in  a  fubcontrary  pdfi- 
tion  to  AB  ;  and  confequently  the  feiSlion  afbg  is  a  circle.  (II.  213) 

Now  fuppofe  the  plane  rs  to  revolve  on  the  line' to,  till  it  coincides 
with  the  plane  of  the  circle  aceb  j  1 

Then  it  is  evident,  that  the  point  L  Will  full  in  H,  the  point  F  in  e, 
and  the  circle  cfdl  will  coincide  with  the  circle  cedh,  which  now  be- 
comes the  primitive  circle^  where  the  point  F>  or  e,  i6  the  proje(3ing 
point :   Alfo  the  proje(5ted  circle  afbg  will  become  the  circle  asbK. 

39.  CoROL.  I.  Hence  the  middle  of  the  proje£led  diameter  is  the  cen- 
ter of  the  projedled  circle,  whether  it  be  a  great. circle  or  a  fmall  one. 

40.  CoRoL.  II.  Hence  in  all  circles  parallel  to  the  plane  of  projeilL^in, 
their  centers  and  poles  will  fall  in  the  center  of  the  proje«Stion.  .-.q 

41.  CoRoL.  III.  The  centers  and  poles  of  circles,  inclined  tci 'the 
plnne  of  projection,  fall  in  that  diameter  of  the  primitive  circle  which  is 
at  riglit  angles  to  the  diameter  drawn  through  tlie  projediing  point  j  but 
at  difterciU  diftances  from  its  center. 

42.  CoROL.  IV.  All  oblique  great  circles  cut  the  primitive  circlcin 
two  points  diametrically  oppofite. 


Vol.  I.  K  43.  PROP. 


1^  SPHERICS.  Book  IV/ 

4S.  PRO  P.    IV. 

fTttm^Jurf  of  tbif;  angle  which  the  proje£fed  diameter  of  any  circle  fub- 
tendf  at  the  eye,  is  equal  to  the  diftance  of  that  circle  from  its  polcy  which  is 
mojl  rernote  from  the  projecting  pointy  taken  on  the  furface  of  the  fphere. 
And  that  angle  is  bifehed  by  a  right  line  joining  the  projecting  point  and  that 


Let  the  plane  rs  cut  the  fphere  hfeg,  as  in  the  laft, 
Mk'Mx.  ABC  be  any  oblique  great  circle,  the  diameter  of  which  AC  is 
projc<fVed  into  ac\  and  kol  any  fmall  circle  parallel  to  abc,  the  diameter 
of  which  KL  is  iMrojedled  into  kl, 

-  The  diftances  of  thofe  circles  from  the  pole  p,  being  the  arcs  ahp, 
KHP,  and  the  angles  /7Er,  >tE/,  are  angles  at  the  eye  fubtended  by  their 
projoSted  diameters  ac^  kl. 

Then  is  the  angle  aiLc  meafured  by  the  arc  ahp,  the  angle  khl  is  mea- 
fured  by  the  arc  khp  j  and  thofe  angles  are  bife£ted  by  ep. 

I>EM*  For  arc  FitA^acc  PC  ;  and  arc  PHK=iarc  PL..  ;;:>'  (s) 

And'the^JLAEC  is  meafured  by  \  arc  APC=arc  pha.  (II.  12B) 

Alft)  the^KEL  is  meafured  by  I  arc  KPLrrarc  phk.  (H.  128) 

T^reifoi-e  the  angles  akc,  kel,  are  refpeftively  meafured  by  the  arc$" 
pha,  vwoi^  ' 

Arid;  it U  evident  thofe  angles  are  bifc(Sted  by  the  line  ep. 

44.  CoROL.'I.  Henide  as  the  line  ep  proje£ls  the  pole  p  in  ^  j  fo  the 
fame  line  refers  a  projedled  pole  to  its  place  on  the  fphere,  in  the  cir- 
Qiintferi^nbe  of  the  primitive  circle. 

45*  Cd&Ot.  II.  Hence,  on  the' plane  of  the  primitive  circle,  may  be 
defcribed  the  reprefentation  of  any  circle  whofe  diftance  from  its  pole, 
and  the  projected  place  of  that  pole,  are  given. 

For  PA  and  pc  are  proje6led  into  pa  and  pc ;  and  the  bife<5lion  of  ac 
gives  the  center  of  the  circle  fought. 

:  46.  C0R6L.  III.  Hence  every  projected  oblique  great  circle  cuts  the 
primitive  circle  in  an  angle  equal  to  the  inclination  of  the  plane  of  that 
oblique  circle  to  the  plane  of  projection. 

For  Ffl  is  equivalent  to  fa  the  inclination. 
And  Fa  meafures  the  angle  fh^,  fince  fh,  Htf,  are  each  go*.  (9) 

47.  CoROL.  IV.  The  diftance  between  the  proje<5lions  of  a  great  circle 
and  any  of  its  parallels  is  equivalent  to  their  diftance  on  the  fphere. 
Thus  the  projeftion  0k  is  equivalent  to  ak. 
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48.  PROP.    V. 

Any  point  of  a /there  Jlenographically  projeSied^  is  dijlant  from  the  center 
ofprojeifioHj  by  the  tangent  of  half  the  arc  intercepted  between  that  point 
and  the  pole  oppofite  to  the  eye :  The  femidiameter  of  the  fphere  being  made 
radius.     Plate  l. 

Let  c^EB  be  a  great  circle  of  the  fphere,  the  center  of  which  is  r,  gh  th© 
plane  of  proje(SHon  cutting  the  diameter  of  the  fphere  in  ^,  b  ;  s,  c,  the 
poles  of  the  fccftion  by  that  plane  ;  and  a  the  proje(Stion  of  a. 
Then  is  ca  equal  to  the  tangent  of  half  the  arc  AC. 

Dem.  Draw  qf,  a  tangent  to  the  arc  cd=:|  arc  ca,  and  join  cT» 
Now  the  triangles  CFf,  caY.y  are  congruous  :  For  cc^ce,  /L  c=:Z.E^tf 
= right  A,  Z.CfF=fE<7  (II.  128)  :  Therefore  mzzcf. 
Confequently  ca  is  equal  to  the  tangent  of  half  the  arc  ca. 

49.  PRO  P.     VI. 

The  angle  made  by  the  interfeSJion  of  the  circumferences  of  two  circles  in 
the  fame  plane,  is  equal  to  the  angle  made  by  tangents  to  thofe  circles  in  the 
point  offe£fion  ;  and  alfo  is  equal  to  tht  angle  made  by  their  radii  drawn  to 
that  point.     Plate  I. 

Let  CE,  CD,  be  two  arcs  of  circles  in  the  fame  plane  cutting  in  the 
point  c  }  AC,  BC,  their  radii  j  gc,  fc,  tangents  at  the  point  c. 
Then  is  the  curve-lined  angle  ecd=  Z-gcf  — Z-ACB. 

Dem.  Since  the  radii  ac,  bc,  are  at  right  angles  to  their  tangents  cc,  fc 
(II.  126)  ;  and  are  alfo  at  right  angles  to  the  arcs  cE,  CD.  (II.  136) 

Therefore  the  pofition  of  the  tangents  and  arcs  at  the  point  C  are  the 
fame  ;  and  tonfequently  the  ^ECDr=  Z.GCF. 

Alfo  the   /1ACB+  Z.BCG=:(rightA  =  )Z.FCG+  Z.BCG. 

Therefore  the  angle  acb  is  equal  to  the  angle  FCG,  by  taking  away  the 
common  angle  bcg.  (II.  48) 

Confequentiy  z.ecd=:gcf=:Z.ACB. 

50.  Scholium.  If  the  arcs  ce,  cd,  were  in  different  planes,  the 
fame  would  hold  true  with  regard  to  their  tangents. 

For  fuppofc  the  circle  CD  to  revolve  on  the  fixed  radius  BC,  ftill  cutting 
the  circle  ce  in  c  :  Then  the  tangent  CF  revolving  with  ir,  has  (till  the 
fame  inclination  to  bc  :  And  as  the  inclination  of  the  planes  of  the  circles 
vary,  fo  much  will  the  inclinaiion  of  the  tangents  vary. 

Therefore  the  angle  made  by  the  tangents,  in  all  pofltions  of  the  cir- 
cular planes,  is  the  fame  as  the  angle  made  by  their  circumferences. 

51.  CoROL.  Hence  if  a  plane  touches  a  fphere,  at  the  point  where  two 
circles  of  it  interfect  one  another,  the  tangents  to  both  circles  will  lie  in 
that  plane  ;  and  confequentiy,  in  all  oblique  pofltions,  a  right  line  per- 
pendicular to  one  tangent  will  cut  the  other  tangent, 
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52,  PRO  P.    Vll. " 

The  angh  which  any  two  circles  makty  when  Jlereagraphically  proje£letLJr 
equal  to  the  angle  which  thofe  circles  make  oh  the  fphere.     Plate  I.         '}^^^ 

Suppofe  DAEL  a  fphere  to  be  projected  on  the  plai>e  sbrcf,  and  alde 
a  great  circle  parfing  through  the  projecting  point  e.  Let  lba  be  any 
other  circle,  cutting  the  former  in  l  and  a,  under  the  angle  bae,  which 
wiirbe  fepYefented  by  the  circle  sbr,  (38)  as  the  circle  elda  is  by  the 
right  line  sc  (15).     The  angle  bae  is  equal  to  the  angle  brc. 

From  the  point  a  draw  ac,  af,  to  touch  the  circles  ael,  abs  in  a,  andi 
meet  the  plane  of  projeftion  in  c  and  f  ;  aHb  draw  rk  and  cf,  which  wilJ 
be  in  that  plane;  and,  in  the  plane  of  the  great  circle  ael,  draw  ad  pa- 
rallel to  9€,  and  join  ed. 

I>EM.  The  angular  pornt  a  is  projected  into  r  ;  {iz)  confequently  ac 
is  projefted  into  RC,  and  af  into  rf.  And  fince  sc  is  the  eommoft 
ie«Slion  of  the  pkme  of  proje6tion  with  that  of  the  great  circle  eld*a 
(II.  210)  the  lines  ac,  sc,  ad,  ed,  ae,  lie  all  in  the  plane  of  that  circle: 
Alfo  becaufe  ad  is  parallel  to  3C,  the  Z.  arc  =  Z.dae  =  Z.  ADE=r /.rag 
(II.  94,  104,  132)  confequently  ac=:rc  (II.  104).  Now  the  plane 
pairing  through  ac  and'  af  touches  the  fphere  in  a,  (51)  it  is  therefore 
perpendicular  to  the  plane  of  the  circle  aed  i  and  fc  its  common  feflion 
with  the  plane  of  projecStion,  is  at  right  angles  to  that  plane  (II.  210)  j 
FC  is  therefore  at  right  angles  both  to  the  lines  ac  and  cR  (II.  205)  : 
Hence,  the  triangles  acf,,  rcf,  being  right  angled  at  c,  having  the  hde 
FC  Gommon,  and  AcrrcR,  are  coijgruous  (II,  99),  and  the  /lcayzh 
Z-CRF.  Confequently  the  z.EAB=  Z.FAC  (51)  =:  Z.FRC.  Now  it  is  ma- 
nifeft  that  as  af  touches  the  bafe,  abl,  of  the  cone  eabl,  in  the  point  a, 
a  plane  pafling  through  af  and  ae  will  touch  the  fide  of  the  cone  in  the 
line  AE;  but  af  is  alfo  in  that  plane  (II.  198}  ;  therefore  ar  touches 
the  cone  in  the  line  ae  ;  and  as  ar  lies  alfo  in  the  plane  of  the  circle 
SBR,  it  mu ft  touch  that  circle  alfo ;  confequently  (50)  brc=:/.frc=: 
Z.fac=:Z.abe. 

53.  PRO  P.     VIIL 

The  dijlance  between  the  poles  of  the  primitive  circle  and  an  ohlique  great 
circle.)  injicreog'ophic  projections.,  is  equal  to  the  tangent  of  half  the  inclina- 
tion of  thofe  circles  ;  and  the  dljlance  of  their  centers  is  equal  to  the  tangent 
af  their  inclination :  The  femldiameter  of  the  primitive  circle  being  made 
radius.     Plate  I. 

Let  AC  be  the  diameter  of  a  circle,  the  poles  of  which  are  p  and  (>_, 
and  inclined  to  the  plane  of  proje£lion  in  the  angle  aif. 
And  let  a,  r,  />,  be  the  projecStions  of  the  points  a,  c,  p. 
Alfo  let  ua^  be  the  projedled  oblique  circle,  the  center  of  which  is  q. 
Now  when  the   plane  of  jTrojeclion   becomes  the  primitive  circle,  the 
pole  of  which  is  i, 

Then  is  i/»=:tangent  of  half  Z.aif,  or  of  half  the  arc  af. 
And        i^zztangent  of  AF,  or  of  the /.fh^itaif. 
0EM.   For  AH  +  HPr:AH  + AF.     Therefore  HP  =  AF. 
But  i/)=tangent  of  half  hp,  or  of  half  af.  (48) 

Again, 
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Again.    As  AC  is  proje<Eled  in  ac^  then  y,  the  middle  of  rf^,  is  the  center 
of  the  projcifted  circle,  and  of  its  rtprefentative  h«e.  (45) 

Draw  Ej'  produced  to  r:  Then  as  qa-=:qE  ;  the  AqEA^jCqaE.  (II.  104) 
But  the  Zj^'-zE  is  meafured  hy  half  the  arc  £f  a.  (II.  137) 

Therefore  the  arc  Aumarc  afe  (fl.  50)  :  And  as  the  arc  ahpzifqe  ; 
Therefore  przr  afithp  ;  and  hp?=:  twice  the  arc  af. 
Therefore  (II.  127)  the  Z.ie^  =  aif,  the  inclination  of  the  circles. 
But  iq  is  the  tangent  of  the  Z.iE^,  Ei  being  the  radius, 

54.  CoRoL.    Hence  the  radius  of  an  oblique  circle  is  equal  to  the 
iecant  of  the  obliquity  of  that  circle  to  the  primitive. 
For  E^  is  the  fecant  of  the  angle  ie^,  to  the  radius  ei.  ; 

55-  PROP-     IX. 

Ifthrcugh  any  given  pohit  in  the  primitive  circle  an  oblique  circle  he  defcrih- 
ed\  then  the  cejtters  of  all  other  oblique  circles  pajjing  through  that  pointy  11  ill 
be  in  a  right  line  drawn  through  the  center  of  the  firjl  oblique  circle  at  right 
angles  to  a  line  paffmg  through  the  given  pointy  and  the  center  of  the  primitive. 

Let  CAGE  be  the  primitive  drcle,  adei  a  great  circle  defcribed  through 
D,  its  center  being  b. 

HK  is  a  right  line  drawn  through  b,  perpendicular  to  a  right  line  ci 
pafling  through  d,  and  the  center  of  the  primitive  circle. 

Then  the  centers  of  all  other  great  circles  fdg  pafling  through  d  will 
fall  in  the  line  hk. 

Dem.  For'lf  e  be  the  projciSling  point,  the  circle  edai  will  be  the 
projection  of  a  circle,  the  diameter  of  whichis  nm.  (3^) 

Therefore  D  and  i  are  the  projections  of  n,  m,  which  are  oppofite 
points  on  the  fphere  ;  or  of  points  at  a  femicirclc's  diftance. 

Therefore  all  circles  pafling  through  d  and  i  muft  be  the  projeilions  of 
great  circies  on  the  fphere. 

But  Di  is  a  chord  in  every  circle  pafling  through  the  points  d,  r. 

Confequcntly  the  centers  of  all  thofe  circles  will  be  found  in  hk  drawn 
perpendicularly  through  b,  the  middle  of  di.  (II.  125^ 

56.  PRO  P.     X. 

Equal  arcs  of  any  tivo  great  circles  of  the  fphere,  will  he  intercepted  be- 
tween tivo  other  circles  drawn  on  the  fphere  through  the  remoteji  poles  of  thofe 
great  circles.     Plate  1. 

Let  pbe A  be  a  fphere,  on  which  agb,  cfd,  arc  two  great  circles,  the 
remotefl:  poles  of  wliich  are  F,  P  ;  and  through  ihcfc  poles  let  the  great 
circle   pbec,    and   fmall  circle  pge,  be  drawn,    interfedting    the  great 
circles  agb,  cfd,  in  the  points  b,  g,  and  d,  f. 
'I  hen  are  the  intercepted  arcs  bg  and  df  equal  to  one  another. 

Dem.   For  the  arcs  ED  +  DBrrarcs  pr  +  db  ;  therefore  ed=:pb. 

And  the  arcs  EF  +  FGr:arcs  pg  +  fg  (iq);  therefore  e fit pg. 

For  the  points  f  and  o  are  equally  diftant  from  their  poles  p,'  K. 

Alfo  the  Z.D£Fr:nPG  j  for  interfering  circles  make  equal  angles  at  the 

fed^ions.  (31) 

Therefore  the  triangles  efd  and  pgb  are  congruous.      '  (27) 

Therefore  the  arc  bo = arc  df. 
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:^7.  PRO  P.    XI. 

If  lines  be  (if  own  from  the  projeHed  pole  of  any  great  circle,  cutting  the 
pertpheries  of  the  projeSied  circle  and  plane  of  projeSlion^  the  intercepted  arts 
cfthofe  circumferences  are  equal.     Plate  I, 

On  the  plane  of  projeftion,  agb,  let  the  great  circle  cfd  be  pro- 
jedled  into  cfdy  and  its  pole  p  in  ^ ;  moreover,  draw  the  lines  pdy  pf: 
the  arcs  GB  and yi/ are  equal.  .    , 

Since  pd  lies  both  in  the  plane  AC b  and  apbe  it  is  their  common  fec- 
tion.  (II.  198) 

But  the  point  b  is  in  their  common  fedlion  :  (56) 

Therefore  pd  pafles  through  the  point  b. 

And  in  this  manner  it  may  be  proved  that  /^pafTes  through  o. 
Now  the  points  d  and  f  are  proje»Sted  into  d  andy.  (3^) 

Therefore  the  vccfd  is  equivalent  to  the  arc  FD. 

But  the  arc  fd  is  equal  to  the  arc  gb  :  (56) 

1'hercfore  the  arc  gb  is  equivalent  to  the  arc  fd.  (II.  46) 

58.  PRO  P.     XII, 

Tfhe  radius  of  any  fmall  circle,  the  plane  of  which  is  perpent^icular  to  that 
tf  the  primitive  circle^  is  equal  to  the  tangent  of  that  lefj'er  circle's  diflance 
from  its  pole  \  and  the  fecant  of  that  dijiance,  is  equal  to  the  dijiance  of  the 
tenters  of  the  primitive  and  leffer  circle.     Plate  I. 

Let  P  be  the  pole,  and  ab  the  diameter  of  a  lefler  circle,  the  plane 
being  perpendicular  to  the  plane  of  the  primitive  circle,  the  center  of 
which  is  c  :  Then  d  being  the  center  of  the  proje£ted  lefler  circle,  d\  is 
equal  to  the  tangent  of  the  arc  pa,  and  ic=  fecant  of  pa. 

Dem.  Draw  the  diameter  ed  parallel  to  ab,  and  through  p  draw  zh.   Now 

E  being  the  projedling  point,  the  diameter  ab  is  projefted  in  ak.         (22) 

And  d,  the  middle  of  ah,  is  the  center  of  a  circle  on  ab.  (39) 

Then  a  right  line  drawn  from  d  through  a,  will  meet  b :  (II.  130) 

And  draw  ca,  dA. 

Now  the  right-angled  triangles  Dch,  dae,  having  the  angle  d  common  ; 

the  z.d^c=z.dea.  (II.  98) 

But  z.DEA=iz.DCA;  and  z.D^c=|Z.A^c  :  (II.  127) 

Therefore  Z.dca=/1.a^c. 

Now  Z.DCA+  /.Acdzzz  right  angle. 

Then  Z.A</c+  Z.ACD=:a  right  angle:  Therefore Z.ca^/ is  right. (II.  96) 

Confcquently  rfAj=: radius  of  the  circle  AaB,  is  the  tangent  of  the  arc  pa, 

to  the  radius  ca.  (II.  126) 

And  ic,  the  diftanceof  the  centers,  is  the  fecant  of  the  arc  ap.       (III.  5) 

59.  CoROL.  Hence  the  tangent  and  fecant  of  any  arc  of  the  primitive 
circle,  belongs  alfo  to  an  equal  arc  of  any  oblique  circle ;  thofe  arcs  be- 
ing reckoned  from  their  interfe6lion. 

For  the  arc  pc  of  every  oblique  circle  intercepted  between  p  and  the 
arc  of  the  fmall  circle  AaB,  is  equivalent  to  the  arc  pa  of  the  primitive 
circle:  Bccaufe  the  arc  aab  is  equally  diflant  from  its  pole  p.  (5) 
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Spberic  Geometry ^  or  fpheric  frojeSfiont  is  the  art  of  'de/crihrngt 
or  re-prejentingj  Juch  circles  or  arcs  of  circles  as  are  ufiially  drawn 
upon  ajphere  on  the  plane  of  any  one  of  them  j  and  of  meafuring 
fuch  arcs,  and  their  pofitions  to  one  another,  when  pro]e5led, 

60.  P  R  O  B  L  E  M    I.  11-'     0 

Te  defcrlbe  a  great  circle  that  jhall  pafi  through  two  given  points  in  th« 
primitive  circle,  or  plane  of  projeiiion. 

Let  the  given  points  be  a,  bj  and  c  the  center  of  the  prim,  circle. 

Case  i.  When  one  point,  a,  is  the  center  of  the 
primitive  circle. 

Const.  A  diameter  drawn  through  the  given 
points  A,  B,  will  be  the  great  circle  required.  ( 15) 

Case  2.  IVhen  one  point  a,  is  in  the  circum- 
ference  of  the  primitive  circle. 

Const.  Through  a  draw  a  diameter  ad. 

Then  an  oblique  circle  defcribed  through  the 
three  points  a,  b,  d,  (II.  72)  will  be  the  great  circle 
required.  (42) 

61.  Case  3.  When  neither  point  is  at  the  center, 
or  circumference  of  the  primitive  circle. 

Const.  Through  one  point  a,  and  the  center 
C,  draw  AG,  and  draw  CE  at  right  angles  to  AG. 

A  ruler  by  E  and  a  gives  d  j  by  d  and  c  gives 
P  J  and  by  e  and  f  gives  o,  in  AC  continued. 

Through  the  three  points  g,  b,  a,  defcribe  a  circumference   (II.  72) 
cutting  the  primitive  circle  in  H  and  i. 

Then  the  oblique  circle  hbai  will  be  the  great  circle  required. 

For  AG  maybe  taken  as  the  projecStion  of  the  great  circle  fd.       (12) 
Therefore  a  and  g  arc  the  projections  of  oppofite  points  on  the  fphere.  ( 32) 

Confequently,  all  circles   pafT.ng  through  c  and  a  will  be  the  repre- 
fentatives  of  great  circles  on  the  fphere. 
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6,.  .,  P^9,B;J,?M    y.  , 

jfheui  any  ^iveft  point  as  a  pole^Jo  defcribe  a  gre^  circle  in  a  given  pri" 
mttjve  circle.  < '••^   *A\ :.    ,i     '    ,.      'j.     '-. 

Let  r  be  the  given  point,  and  |  the  center\of  the  primitive  clrde. 

Case  i.  fVhen  the  given  pole,  P,  is  in  th(  (enifr 
af'the  primitivf  circle. 

Const.  The  primitive  pircle  yv\\\  be  the  great 
circle  required,  (13) 

»-^Gase  2.  ff^en  the  giv^n  pole,  p,  is  in  the  cirfumV  .  "^^  '^ 
ferenc^  of  the  primitive  circle.  -v.*..  ^  ^\  t*  *iu.H  .^ 

CotiST.  Through  the  given  pole  p,  draw  PE  a 
difimeter  to  the  primitive  circle.  a 

Then  another  diam.  Ab,  drawn  at  right  angles 
to  p^fjVUl  t>e  the  great  circle  required.     (20,  15) 

63.  C AS E^..ff^J en  the  given  pole,  P,  is  neither  in 
thf  (ent^r  or  circumference  of  the  primitive  circle. 

Const.  Through  p  draw  a  dianieter  hd,  and  another  be  at  right  angles 
to  bd\  then  a  rviler  by  s,  apd  p  gives  p. 


Make  the  arc  /Arrgo^j  a  ruler  by  e  and  a  gives 
$  in  the  diameter  bd. 

Then  a  circle  defcribed  thrpugh  the  thcee  points 
Bj  (*i  ^3  is  the  great  circle  required. 

Or  thus.  Make  the  grc  ^d— arc  ^b  ;  a  ruler  on 
jf  and  p  gives  c  in  db  produced. 

Then  on  c,  with  the  radius  c^  defcribe  b^e. 


^or.  As  e  is  the  projecting  ooint,  and  p  the  projected  pole  ; 
Therefore  p  is  the  pole  of  the  circle  af  to  be  projedcd,  (44) 

And  BCE  is  the  projedion  of  the  circle  af.  (38) 

Now  Z-CaE  is  meafured  by  half  the  arc  a^e.  (I I.  137) 

But  arc  ABD=arc  a^e:  For   Ap^i[Bdz=.)dz  ;  and  j^d  — a^  by  con- 
ftruiStion, 

Therefore  il  aec=  Z.c<?e  ;  and  cErrc^.  (II.  104) 

Cpnfequentiy  c  is  the  center  required. 
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PROBLEM    III. 

A  projeSfed  circle  ieing  given  j  to  find  its  poles. 


Case  i.  TVhen  the  given  circle  aeb  is  the  pri- 
mitive. 

Const.  Find  the  center  c,  (II.  70)  and  it  Is 
the  pole  fought. 

Case  2.  JVhen  the  given  circle  acb  is  a  right 
circle. 

Const.  Draw  a  diameter  ed  at  right  angles 
to  ab,  and  the  ends  or  points,  D,  E,  of  that  dia- 
meter are  the  poles  required. 

65.  Case  3.  IVIjen  the  given  circle  abe  is  oblique. 

Const.  Through  the  interfeflions  of  the  pri  • 
mitive  and  oblique  circles  draw  a  diameter  ae, 
and  another  at  right  angles  to  ae,  cutting  the 
given  oblique  circle  in  b. 

A  ruler  by  e  and  b  gives  by  make  bp^  bq,  each 
zz.2Ln  arc  of  90°. 

A  ruler  by  £  and  p  gives,  in  the  diameter  through  b,  the  point  p,  which 
is  the  pole  required. 

And   a  ruler  by  e  and  q  gives,  in  cb  continued,  the  point  c^for  the 
other,  or  oppofite  or  exterior  pole. 

Make  pDzzpA  ;  then  a  ruler  by  e  and  p  gives,  in  bc  continued,  the 
point  F,  which  is  the  center  of  the  oblique  circle  abe. 

The  rcafon  of  this  operation  is  evident  from  that  of  the  lafl;  Problem. 


66. 


PROBLEM    IV. 


About  any  given  projected  pole,  to  dejcribe  a  circle  at  a  given  dijlance  from 
that  pole. 

Or^  at  a  propofed  dk^ance  from  a  given  great  circle^  to  defcribe  a  parallel 
circle. 

Let  p  be  the  given  pole,  belonging  to  the  given  great  circle  dfe. 

General  Solution,  l^hrough  the  given  pole  p,  and  c  the  center 
of  the  primitive  circle,  draw  a  diameter,  and  another  de  at  right  angles 
to  it, 

A  ruler  on  e  and  p  gives  p  in  tlie  primitive  circle. 
Make  p\  and  /)B,  each  equal  to  the  propofed  diftancc  from  the  pole. 
A  ruler  on  e  and  a,  and  then  on  e  and  b,  will  cut  the  diameter  cp  in  € 
/nnd  b. 

Bifedl  ab  in  c ;  and  on  c  as  a  center  defcribe  a  citQlc  paffing  through  <j 
and  b^  which  will  bc  the  circle  required. 

But 
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But  when  the  parallel  circle  is  to  be  at  a  propofed 
diflance  from  the  given  great  circle  ofe. 

Find  p  as  before  ;  and  make  pAzzpn^  equal  to 
the  complement  of  the  propofed  diftance  j  the  reft 
as  before. 

For  p  is  the  pole,  the  projedlion  of  which  is  p. 

But  ^  is  the  pole  of  a  circle,  the  diameter  of  which 
AB  is  projefled  in  ab.  (i^) 

Therefore  c,  the  middle  of  ab,  is  the  center  of 
the  proje<Sted  circle.  {39) 

Sy.Thefirft  cafe  is  readilydotieybydefcribing  the 
fmall  circle  about  the  center  of  the  primitive  circle 
with  the  tangent  of  half  its  diftance  from  the  pole  p. 

68.  The  fecond  cafe  is  fooneft  performed  thus. 

From  the  points  a,  b,  (found  as  above)  with  the 
tangent  of  their  diftance  fromp,  the  pole  of  the  right 
circle,  defcribe  arcs  cutting  in  c,  which  is  the  center 
of  a  fmall  circle  parallel  to  the  right  circle  dfe. 


(58) 


For  Ap  is  the  tangent  of  the  arc  a  p. 

69.  PROBLEM 

The  primitive  circle,  and  the  projeSiion  of  a  fmall  circle,  being  given  \  tt 
fnd  the  pole  of  that  fmall  circle. 


V. 


Let  c  be  the  center  of  the  primitive  circle,  and  aBd  a  projefted  fmall 
Circle,  the  center  of  which  is  r,  and  radius  cb. 

General  Solution.  Through  c  the  center  of  the  fmall  circle,  and 
c  the  center  of  the  primitive,  draw  a  diameter  CF,  and  another,  ce,  at 
right  angles  to  it. 

Find  the  projeded  diameter  b3=2^b. 

Lines  drawn  from  e  through  b  and  ^,  cut  the  primitive  circle  fn  <f,  d\ 
then  bife<ft  the  arc  ad  in  p. 

A  ruler  by  e  and  p  cuts  the  diameter  b^  in  P,  the  pole  fought. 

The  truth  of  this  conftrudlion  is  evident  by  that  of  the  laft  Prob. 

70.  PRO  B. 
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70.  P  R  O  B  L  E  M    VI. 

To  meafure  any  arc  of  a  projected  great  circle:  Or,  in  a  given  proje£fed 
great  circle,  to  take  an  arc  of  a  given  number  of  degrees. 

General  Solution.     Find  the  pole  of  the  given  circle.  (64.) 

From  that  pole  draw  lines  through  the  ends  of  the  propofed  arc,  cut- 
tine  the  primitive  circle. 

Then  the  intercepted  arc  of  the  primitive  circle  applied  to  the  fcale  of 
chords  will  give  the  meafure  fought. 

Thus,  if  ab  be  the  arc  to  be  meafured,  and  p  the  pole  of  the  given 
circle  daf. 

Then  lines  drawn  from  p  through  a  and  b,  give  the  arc  ah  in  the  pri- 
mitive circle,  correfponding  to  ab  in  the  projeSbed  circle. 

Now  if  an  arc  of  a  given  number  of  degrees  was 
to  be  taken  from  a  given  point  a,  in  the  given  pro- 
je^ed  circle  daf. 

Draw,  from  the  pole  p,  through  a,  the  line  ptf 
to  the  primitive  circle. 

Apply  the  given  number  of  degrees  from  a  to  b. 

Draw  rb,  and  the  intercepted  arc  ab  will  con- 
tain the  degrees  propofed. 

71,  Any  number  of  degrees  is  readily  applied  to 
a  right  circle  by  the  fc^e  of  half-tangents.   Thus 

When  the  diftance  of  the  point  a  from  the  cen- 
ter c  is  known,  and  the  given  quantity  of  the  arc 
is  to  be  laid  from  a  towards  f  j 

To  the  known  diftance  ca  add  the  propofed  are 

AB,  the  degrees  in  the  fum  taken  from  the  fcale  of 
half- tan  gents,  and  laid  from  c  to  b,  will  make  the 
arc  AB  equal  to  the  degrees  propofed. 

But  when  the  arc  ab  is  to  be  laid  from  a  to- 
wards D  J 

Then   the  difference  between  the  arcs  ab  and 

AC,  taken  from  the  fcale  of  half-tangents  and  laid 
towards  D  from  c  to  b,  will  make  the  arc  ab  equal 
to  the  degrees  propofed. 

The  reafon  of  all   thefe  operations  is   evident  P 

from  art.  57. 

Note^  I  he  half,  or  femi-tangents,  are  only  the  tangents  of  half  the 
arcs  the  fcale  of  tangents  is  made  to;  their  conftru6lion  depends  on  art.  48. 
On  the  plane  fcale  they  are  put  under  the  Tangents,  and  marked  s.  t. 

72.  PROBLEM    VII. 

To  meafure  any  projeSied  fpherical  angle. 

General  Solution.  Find  the  poles  of  the  two  circles  which  form 
the  angle  (64) ;  and  from  the  angular  point  draw  lines  through  thofie 
poles  to  cut  the  primitive  circle. 

Then  the  meafure  of  that  angle,  if  acute,  will  be  the  intercepted  arc 
of  the  primitive  circle  ;  or  the  fupplement  of  that  arc  will  be  the  meafura 
of  the  angle  when  obtufe. 

Let  the  propofed  angle  dab,  formed  by  the  great  circles  ad,  ab,  the 
poles  of  which  are  c  and  p  j  and  lines  drawn  from  the  angular  point  a. 


through  the  poles  c  and  p,  cut  the  primitive  circle  in  £  arid  p. 


xft. 
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ift.  \yhen  the  angle  informed  by  the  primitive  and  oblique  circles. 

Then  the  arc^E  meafures  the  acute  angle  dab. 

But  the  obtufe  angle  baf  is  meafured  by  the  fupplemcntof^E.-. 

2d.  When  the  angle  is  formed  by  right  and  obli^ae  circles  meeting  in 
the  primitive's  circumference.  ' 

Then  the  arc  pE  meafures  the  angle  dab.      .  .        : . 

3d.  When  the  angle  is  formed  by  right  and  oblique  circles  meetinj 
within  the  primitive  circle.  ?  .  ^  -.  1 :  nit^'ti  ,\-'j  <  * 

Then  the  arc  pE  meafures  the  acute  angle  dab.  -■  ''■     "''•'•    ' 

But  the  obtufe  angle  daf  is  meafured  by  the  fupplement  of  ^e. 

4th.  When  the  angle  is  formed  by  two  oblique  circles  meeting  within 
the  primitive  circle; 

Then  the  acute  angle  dab  is  meafured  by  the  arc  pE. 

But  the  fupplement  of^E  meafures  the  obtufe  angle  daf. 

For,  as  the  angular  point  a  is  in  both  circles,  and  90°  diftant  from 
their  poles  c  and  p  (19).  Therefore  a  great  circle  dcfcribed  about  a, 
as  a  pole,  will  pafs  through  the  poles  c  and  p. 

And  lines  drawn  from  a  through  c  and  p,  cut  off,  in  the  circumference 
of  the  plane  of  projection,  an  arc  equal  to  the  diftance  of  the  poles  c 
ar,d  p.  (57) 

But  the  meafure  of  the  diftance  of  the  poles  c,  p,  is  equal  to  the  in- 
clination of  the  planes  of  the  circles  ad,  ab  ;  (33) 

And  confequently  meafures  the  angle  dab. 

73.  PROBLEM     VIII. 

Through  a  given  point  in  any  projeSfed  great  circle^  to  dffcribe  another 
great  circle  at  right  angles  to  the  given  one. 

Gekeral  Solution.  Find  the  pole  of  the 
given  circle.  (64) 

Then  a  great  circle  defcribed  through  that  pole 
and  the  given  point  will  be  at  right  angles  to  the 
given  circle. 

Let  the  given  projected  great  circle  be  bad  j 
and  A  the  given  point. 

I  ft.  JVhen  bad  is  the  primitive  circle,  the  pole 
tf  which  is  p. 

A  diameter  through  a  will  be  perpendicular  to 
BAD.  (II.  136) 

2d.  ff^en  BAD  is  a  right  circle,  the  poles  of 
which  are  p  and  c. 

An  oblique  circle  defcribed  through  the  points 
■f,  4,  p,  (II.  72}  will  be  at  right  angles  to  bad. 
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3d.  JVhen  BAD  is  an  oblique  circle^  the  pole  of 
which  is  P.  ,'y      ' 

Through  the  points  p  and  a,  a  great  circle 
PAG  being  defcribed  (61),  will  be  at  right  angles 

to  BAD. 

The  truth  of  thefe  operations  is  evident  from 
art.  34. 


74. 


PROBLEM    IX. 


^Through  any  ajfigned  point  in  a  given  proje^ed  great  circle,  to  defcrihe  an- 
ether  great  circle  cutting  the  former  in  an  angle  of  a  given  nurnbtr  of  de- 
grees. 

Let  p  be  a  given  point  in  any  great  circle  apb. 

ift.  When  APB  is  the  primitive  circle.^ 
Through  the  given  point  p  drawr  a  diameter 
P£,  and  draw  the  diameter  ab  at  right  angles  to 

P£. 

Draw  PD  cutting  ab  in  d,  fo  that  the  angle 
CPD  be  equal  to  the  angle  propofed. 

On  d  with  the  radius  dp  defcribe  the  great 
circle  pfe. 

Then  will  the  angle  apf  contain  the  given  de- 
grees. 

For  the  Z.FPA=:angle  made  by  the  radii  pc,  pd.  (49) 

And  D  being  equally  diftant  from  p  and  e,  is  the  center  fought. 

75.  Or  thus.  Make  cd  equal  to  the  tangent  of  the  given  angle  to 
the  radius  CP. 

Or,  Make  pd  equal  to  the  fecant  of  that  angle. 

76.  2d.  JVhen  APB  is  a  right  circle. 

Draw  a  diameter  GH  at  right  angles  to  apb. 

Then  a  ruler  by  g  and  p  gives  a  in  the  primi- 
tive circle. 

Make  h^  =  2A^;  a  ruler  by  c  and  b  gives  c  in 
ab. 

Draw  CD  at  right  angles  to  ab. 

Draw  PD  cutting  cd  in  d,  fo  that  the  Z.cpd  = 
complement  of  the  degrees  given.  (II.  84) 

On  d  with  the  radius  dp  defcribe  a  circle  fpe,  which  will  be  a  great 
circle  making  with  apb  the  angle  apf  as  required. 

For,  c  is  the  center  of  a  great  circle  gph,  by  the  demonftration  to 
art.  63, 

And  the  centers  of  all  great  circles  through  p,  will  be  in  cd.         (55) 
Now  ADPEr:  90°,  (II.  J36) 

7"hercroic  ^  apf  or  z.n?E  (26),  the  compl.  of  cpd,  is  the  angle  fought. 

77.  3<J' 
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77.  3cl.  ff^en  APB  is  an  oblique  circU, 

From  the  given  point  p,  draw  the  lines  pg,  PC, 
through  the  centers  of  the  primitive  and  given  ob- 
lique circles,  and  through  cthe  center  of  ApBdraw 
CD  at  right  angles  to  pg.  (II.  59) 

,  Draw  PD,  making  the  Z.CPDS:  given  degrees, 
and  cutting  cd  in  o.  (II.  84) 

From  D  with  the  radius  op,  a  circle  fpe  being 
defcribed,  will  be  a  great  xfircle  cutting  apb  in  the  angle  propofed. 

For  c,  the  center  of  apd,  is  in  a  line  perpendicular  to  pg,  drawn 
through  p  and  the  center  of  the  prirriitivc,  by  coaftrudtion. 

And  the  centers  of  all  great  circles  through  p  will  be  in  cd.         (55) 
Now  the  £.CPD  made  by  the  radii  PC,  pd,  contains  the  given  degrees. 
Therefore  the  angle  apf  is  equal  to  the  angle  required.  (49) 


78. 


PROBLEM    X. 


Through  any  point  in  the  plane  of  projeSfion^  or  primitive  circlet  f"  ^^* " 
fcribe  a  great  circle  that  Jhall  cut  a  given  great  circle  in  any  angle  propofed  : 
Provided  the  meafure  of  that  propofed  angle  if  not  lefs  than  the  dijiance  be- 
tween the  given  point  and  circle. 


Let  the  given  point  b«  a,  through  which  a  circle 
is  to  be  defcribed  to  cut  a  given  great  circle  bdc, 
the  pole  of  which  is  p,  in  an  angle  equal  to  a  pro- 
pofed number  of  degrees. 

General  Solution.  About  the  given  point  a, 
as  a  pole,  defcribe  a  great  circle  egf.  (62) 

About  p,  the  pole  of  the  given  circle  bdc,  de- 
fcribe a  fmall  circle  at  a  diftance  equal  to  the  given 
angle,  cutting  the  great  circle  egf  in  G.         (66)        '.  'x'  ■ 

About  the  point  g,  as  a  pole  (62),  defcribe  a  great  citcj^  cutting  the 
given  circle  bdc  in  D.     Then  will  adc  be  the  angle  rt^jx^. 

NotCy  When  the  given  angle  is  equal  to  the  diftance  b^W<reen  the  grveiv 
point  and  circle,  the  problem  is  limited  to  one  anfwer  only:  When  the 
meafure  of  the  angle  is  greater,  the  problem  has  two  folutions  by  the  circle 
defcribed  cutting  the  given  one  in  two  points  :  But  when  the  meafure  of 
the  angle  is  lefs,  the  problem  is  impoffible.  This  conftru<Si6n  is  thus 
proved. 


p  aad  G  arc  the  poles  of  bc  and  ad. 


And 


Book  IV. 


S"P  H  E  R  I  C  S, 


HJ 


'  And  the  diftance  of  p  and  g  i>  equal  to  the  degrees  in  the-  propofed 
angle,  by  conftruiftion.     But  z.ADC=:diftance  of  panda.  (33) 

Therefore  the  Z.ADC  is  the  angle  required. 

79.  Jf^en  the  required  circle  is  te  make  a  given  angle  with  the  primitive. 

Then,  from  the  center  of  the  primitive,  with  the  tajig.  of  the  given 
angle,  defcribe  an  arc  ;  and  from  the  given  point  a,  with  the  fecant  of 
the  given  angle,  cut  the  former  arc. 

On  this  in^rfciStion,  a  circle  being  defcribed  through  the  given  point 
A,  will  cut  the  primitive  circle  in  the  angle  propofed. 

This  depends  on  art;  75.  ''^' 

-    .  .  ■  ■  "^ 

80.  P  R  O  B  L  E  M    XI. 

jfny  great  circle,  cutting  the  primitive,  being  given,  to  defcribe  another 
great  circle,  which  Jball  cut  the  given  one  in  a  propofed  angle,  and  havt  w 
given  arc  intercepted  between  the  primitive  and  given  circles. 

Let  ABC  be  the  primitive  circle,  the  center  of  which  is  V;  andthe 
given  great  circle  be  ad,c,  the  center  of  which  fs  e. 

Solution.  Draw  a  diameter  ebi>  at  right  an- 
gles to  ADC ;  and  make  the  angle  bdf  equal  to 
the  complement  of  the  given  angle;  fuppofe  == 
complement  of  35°. 

Make  df  equal  to  the  tangent  of  the  given  arc 
(fuppofe  $%") ;  and  from  Pj  with'the  fecant  of  that 
arc,  defcribe  an  arc  c^. 

Now  when  adc  is  an  oblique  circle ;  from  e 
the  center  of  adc,  with  the  radius  ef,  cut  the 
arc  c^  in  g. 

But  when  ajjc  is  a  right  circle ;  through  f  draw 
FG  parallel  to  adc,  cutting  the  arc  eg  in  g. 

From  G,  with  the  tangent  df,  defcribe  an  arc, 
m,  cutting  adc  in  i ;  and  draw  Gi. 

Through  g  and  the  center  p  draw  gk,  cutting 
the  primitive  circle  in  H,  K  ;  draw  PL  perpendi- 
cular to  GK  ;  and  XL  atright  angles  to  ig,  cutting  PL  in  l. 

And  L  will  be  the  center  of  a  circle  paffing  through  H,  I,  K,  wJakb 
will  be  the  great  circle  required. 

Then  the  zL  aih=:35°  ;  and  arc  ihz=58%  as  was  propoled. 
For  GP  is  the  fecant,  and  Gi  is  the  tang,  of  the  arc  HI.  (59) 

And  as  the  triangles  egi,  efd,  are  congruous;  the  Z.Eicrr  z.edf. 

(II.  lOl) 

But  the  Z-EiG  made  by  the  tangent  of  the  arc  ht  and  the  radius  of 
the  arc  ai,  is  the  complement  of  the  angle  made  by  thofe  arcs.         (49) 

Confequently  the  ^aih  is  the  comp.ement  of  the  i£.EDF. 

The  ceiKrr  of  the  right  circle  AC  being  fuppofed  at  an  infinite. di^ 
fiance,  tiierefore  any  circle  fg  dtfcubed  from  that  center,  will  be  pa- 
rallel to  AC. 

I  When 
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When  the  given  arc  is  more  than  90%  the  tangent  and  fecant  of  its 
fupplement  is  to  be  applied  on  the  line  df  the  contrary  way,  or  towards 
the  rigliti  the  former  conftrudtion  being  reckoned  to  the  left.  ,  ^ 


^I. 


PROBLEM    XU. 


...vX\ 


Any  great  circle  in  the  plane  of  projeifion  bein^  given  ;  to  defcribe  another 
great  circle^  which  Jhall  make  given  angles  with  the  primitive  and  given 
circles. 


?n  c 


J  a^Xet  the  given  great  circle  be  lADC,  and  its  pole  o. 


uu  eUi:.: 


Solution.    About  p,  the  pole  of  the  primitiYcJ 
circle,   defcribe  an  arc  ot«,  a-t  the  dirtance  of  as 
many  degrees  as  are  in  the  angle  which  vthe  re-, 
quired  circle  is  to  make  with  the  primitive  :  Sup- 
pofe62°.  (67) 

About  Q^,  the  pole  of  the  other  given  circle, 
and  at  a  diftance  equal  to  the  meafure  of  the  angle 
which  the  required  circle  is  to  make  with  the  given 
circle  ado  (fuppofe  48°),  defcribe  an  arc  on^  cut- 
ting mn  in  n,  (66) 

About  w,  as  a  pole,  defcribe  the  great  circle 
EDF,  cutting  the  given  circles  in  e  ando.,    (62) 

Then  is  the  angle  aed=:62°  j  and  adez=48''. 

For  the  diftance  ©f  the  poles  of  any  two  great 
circles,  is  equal  to  the  angle  which  thofe  circles 
make  with  one  another.  (33) 

Remark.    The  nth  Problem,  which  is  particularly. ufeful  in  con- 

ftrufling  a  fpherical  triangle,  in  which  are  given  two  angles  and  a  ftde 
cpppfite  to  one  of  thetn^  includes  only  two  cafes  of  a  more  general  Prob- 
lem, viz. 

Any  two  great,  circles  being  given  in  pofitlon;  to  defcribe- a  third,  which 
Jhall  cut  one  of  thofe  given  in  an  angle  propofed,  and  have  a  given  arc  inter ^ 
cepted  between  the  given  circles. 

Alfo  the  1 2th  Problem,  ufed  when  the  three  angles  are  given,  con- 
tains only  two  cafes  of  another  Problem  j  viz. 

Any  two  great  circles  being  given  in  pofition,  to  defcribe  a  third  which 
Jhall  cut  the  given  circles  in  given  angles » 

The  folution  of  thefe  two  general  Problems  not  being  wanted  in  any 
part  of  this  work  ;  it  was  not  thought  neceflary  here  to  annex  them  ; 
more  having  been  already  delivered  in  the  preceding  pages  than  it  is  ufual 
to  meet  with  on  this  fubjecSl.  However,  their  folution  is  recommended 
41s  exercifes  to  fpeculative  learners. 
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^1  Spheric  7'rigonometry, 


Definitions, 

82.  Spheric  Trigonometry  is  the  art  of  computing  the  meafures 
of  the  fides  and  angles  of  fuch  triangles  as  are  formed  on  the  furface  of 
a  fphere,  by  the  mutual  interfed:ions  of  three  great  circles  defcribed 
thereon. 

83.  A  Spheric  Triangle  confifts  of  three  fides  and  three  angles. 

The  meafures  of  unknown  fides  or  angles  of  fpheric  triangles  are  efti- 
mated  by  the  relations  between  the  fines,  or  the  tangents,  or  the  fecants, 
of  the  fides  or  angles  known,  and  of  thofe  that  are  unknown. 

84.  A  Right  Angled  Spheric  Triangle  has  one  right  angle: 
The  fides  about  the  right  angle  are  called  Legsj  and  the  fide  oppofite  to 
the  right  angle  is  called  the  Hypothenufe, 

85.,  A  Quadrantal  Spheric  Triangle  has  one  fide  equal 
to  ninety  degrees. 

86.  An  Oblique  Spheric  Triangle  lias  all  its  angles  oblique. 

87-  The  Circular  Parts  of  a  triangle,  are  the  arcs  whicli  meafure 
its  fides  and  angles. 

88.  Two  fpheric  triangles  are  faid  to  be  fupplcmcnts  to  one  another, 
when  the  fides  and  angles  of  the  one  are  rcfpcctive  fupplements  of  the 
angles  and  fides  of  the  other  :  And  one,  in  regard  to  the  other,  is  called 
the  fupplemental  triangle. 

89.  Two  arcs  or  angles,  when  compared  together,  are  faid  to  be  alike, 
or  of  the  f.ime  kind,  when  both  are  acute,  or  lefs  than  90°,  or  when  both 
are  obtufc,  or  greater  than  90°  :  But  when  one  is  greater  and  the  other 
Icfs  than  90°,  they  are  faid  to  be  unlike. 

The  lefiijr  circles  of  the  fphere  do  not  enter  into  Trigonometrical  cora- 
^-.utatiyns,  bccaufe  of  the  diverfity  of  their  radii. 
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S  E  C  T  I  O  N     V. 
Spherical  'theorems, 

90.  .   T  H  E  O  R  E  M    I. 

In  every  fphcric  tviangle^  aec,  eriual  angles^  b,  c,  are  oppofite  to  equal 
fides^  AC,  AB  :  And  equal  ftdes,  AC,  AC,  are  oppofite  to  equal  angles,  c,  B. 

Dem.    Since  abzzac,  makeAE=:ADj  and  draw 

BD,    CE. 

Then  is  ed  — ce;  and  Z.  AF.crr  z.  adb. 

For  the  triangles  aec,  adb  arc  congruous, 

Since  ACrrAC  ;   ADrrAE  ;    Z.  A  common. 

Alfo,  the  triangles  bec,  cdb  are  congruous  ; 

Therefore  aebcz=z.dcb. 

P'orEcnBD;   eb=:(ab — ae  =  )  dc  (  =  ac  — ad).  v--- 

And  /.BECzr  Z.CDB,  they  being  the  fuppl.  of  equal  angles  AEc,  adb. 

Again,  if  Z.  abc:^:  Z.acb  :   Then  is  ab^^ac. 

Tor  take  be  — cd  ;  and  defcribe  the  arcs  ce,  bd. 

Then!sEC~DB,    Z-EECrr  Z.cdb  ;    Z.BCE=r  Z.  cbd.  (27) 

For  A*  BCE  =  AcBD  ;  fmce  bc  is  common,  bez:::cd,  Z-EBcrr  Z.dcb. 

Alfo  the  triangles  abd,  ace  are  congruous  ; 

Since   ec:=di3,   Z.  ACEr:(  z.bca — bce  =  )    Z.abd   (rr/.CBA — cbd). 

(II.  48) 
And  Z-AEcrr  (fup.  Z.bec  =  )  Z.ADB  (rrfup.  Z.CDb).  (II.  48) 

Therefore  ae:::::ad}  and  AC—  (ae  +  er  — )  Ac  (— ad  +  dc).    (II.  47) 

91.  CoROL.   A  line  drawn  from  tlie  vertex  of  an  ifofcclcs  fj^heric  tri- 
angle, to  the  middle  of  the  bafe,  is  perpendicular  to  the  bafe. 
Tliis  is  eailly  proved  from  art.  00,  27. 

92.  T  H  E  O  R  E  M    II. 

Either  fide  of  a  fphcric  triangle  is  kfs  than  the  fum  of  the  other  two  fides. 

DeIsI.   For  en  the  furface  of  tlie  fphere,  the  fhorteft  diftance  between  two 
points,  is  an  arc  of  a  great  ciixie  pafhng  tiirough  ihofc  points.  (23} 

But  each  fiuc  of  a  fpheric  triangle  is  an  arc  of  a  great  circle.  ( 10) 

Therefore  either  fide  being  the  fhorteft  diftance  between  its  extremi- 
ties, is  lefs  than  the  fum  of  die  other  two  fides. 

T  I-]  E  O  R  E  M    III. 

fide  of  a  fpheric  triangle  is  Ifs  than  a  feini circle,  or  180  degrees. 

'wo'  'Meat  circles  interfccl  each  other  twice  at  the  diftance  of  i  So 
......  °     .  (32) 

The  fides  about  any  fpheric  angle  are  arcs  of  two  great  circles.        ( ip) 
But  a  fpIv:T"ic  tiiar.;jle  has  three  hiies. 
Therefore  every  two  fides  before  their  fecond  meeting  muft  be  inter- 
fected  by  the  third  iide. 

Confcqucniiy  each  fide  is  lefs  tb.aa  a  femicircle. 


93- 

Each 

Dem.  ' 

degrees. 


The  maik  A  Uancilfor  the  word  triangle. 
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94.  THEOREM    IV. 

In  every  fphefic  triangle^    ABC,    the  greateji  fide^  BC,  U  eppofite    the 
greateji  angle ^  A. 

A 
Dem.  Make  Z- bad  =  Z.  ABC. 
Then  ad  =  bd  (90)  ;  and  bc±:ad4-dc. 
But  AD 4- DC  is  greater  than  ac.  (92) 

Therefore  bc  is  greater  than  ac. 

95.  T  H  E  O  R  E  M     V.  ^         d 

If  from  the  three  angles  of  a  fphcric  triangle^  Abc,  as  pohis^  he  defer  i  bed 

three  arcs  of  great  circles^  forming  another  fpheric  triangiey  f.df  ;  then  ivill 
the  fides  of  the  latter^'and  the  oppofite  angles  of  the  former^  he  the  fupph:ments 
ef  one  another  :  Alfo  the  attgles  in  the  latter ,  and  their  cppofte  fides  in  the 
former^  are  the  fupplcjnenis  of  one  another. 

That  is,  FE  and  Z-CAB,  fd  and  Z-Abc,  de 
and  Z.ACB,  are  fupplements  to  one  another. 
Alfo  Z.E  and  AC,  Z.D  and  CB,  Z.F  and  ab,  are 
the  fupplements  to  one  another. 
Dem.  The  interfe6lion  e  of  the  arcs  about  the 
poles  A  and  c,  being  90'  diftant  from  them,  is 
the  pole  of  the  arc  AC.  (19) 

And  for  the  fame  reafon,  D  is  the  pole  of  cu, 
and  F  of  AB. 

Let  the  fides  of  the  triangle  abc  be  produced  to  meet  the  fides  of  ths 
triangle  def  in  G  and  H,  i  and  l,  m  and  n. 

Then    fi  =:  dl  r=  90" :     Therefore   (dl  4-  Fi  =  dl  4-  fl  4-  li  =1: ) 
DF  +  LI  =r  180".  (II.  47J 

Tiitrcfore  df  and  Li  are  fupplements  to  otie  another. 

Ijut  LI  meafures  the  angle  At;c.  (9) 

Therefore  //_  Aftc  and  df  are  the  fupplements  to  one  another. 
And   in  the  fame  manner  it  may  be  demonftrated,  that  the  Z.  BAG  and 
VE,  Z-ACBundnE,  are  the  fupplements  of  one  another. 

Again,   fince  ei~ah~90  degrees; 

'Jherct'ore  (iB  f  y\HmB  4  CH -f  ab=z)  ih  4- ab  — 180  degrees. 

But  IH  meafures  the  angle  f  ; 

Therefore  ab  and  Z_F  are  the  lupplcments  of  one  another. 

And  the  fame  maybe  iliewnof  Ac  and  Z.E,  cb  and  /_d. 

96.  T  H  E  O  R  E  M     VI. 

The  fum  of  the  three  fides  cf  every  fphdric  triangle,  ABC,  is  lef  than  a  cir- 
cionfeiince,  or  360  degrees. 

])f.m.   Continue   the  fides  AC,  ab,  till  they  meet 
in  o. 

Then  the  arcs  acd,  abd,  arc  each  i8g°.         ('32) 
But  nc  4  DB  is  greater  than  bc.  (92) 

Thcrefo.e    ac  4- ab  4- dc  4- db    is   greater    than 
AC  I-  ab4  nc. 

Or  the  femicirclcs  acd  4- ABD  is  preatcr  than  AC  +  AE4r,i'. 

'I  h..t  hy  360°  ii>  greater  than  the  three  fides  of  the  trian-Ic  Anr. 

L  2  97.  THEO- 
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97.  THEOREM    VII. 

The  fum  of  the  three  angles  of  afpherU  triangle,  abc,  is  greater  than  two 
right  angles,  and  lefs  than  fix  -,  or  will  always  fall  between  180  and  54Q 
digries.  < 

Dem.  Since  Z.A  and  fe,   Z-B  and  fd,   Z.c  and 

DE,  are  fuppleinents  to  one  another.  (95) 

Therefore  the  three  angles  a,  b,  c,  together  with 
the  three  fides  fe,  fd,  de  make  thrice  180%  or  540°. 

Now  the  fijm  of  the  three  fides  fe  +  fd  +  de,  is 
lefs  than  twice  180°,  (96) 

Therefore  the  fum  of  the  three  angles  a  +  b  +  c 
is  greater  than  180°. 

Again,  as  a  fpheric  angle  is  ever  lefs  than  180 ; 

Therefore  the  fum  of  any  three  fpheric  angles  is  ever  lefs  than  thrice 
180%  or  540  degrees. 

98.  THEOREM    VIII. 

If  one  fide,  ab,  of  a  fpheric  triangle,  ABC,  he  produced,  then  the  outward 
angle,  cbd,  i%  either  e final  to,  lefs,  or  greater  than  the  inward  oppofite 
angle  A,  adjacent  to  that  fide ;  according  as  the  fum  of  the  other  tivo  fdeSy 
CA  +  CB,  is  equal  to,  greater,  or  lefs  than  180  degrees. 

Dem.  Produce  ac,  ab,  to  meet  in  d. 

Then  arc  Acorrarc  ABDr=i8o''.  (32) 

And  Z.D=:AA.  (31) 

Novvif  AC-f  CBis  equal  toiSo")  then  cb  =  cd. 
And  Z-CBDrz  (Z-D=:)  Z.A.  (90) 

If  AC  +  CB  is  greater  than  180°  j  then  cb  is 
greater  than  cd. 
And  ilCBD  is  lefs  than  (  Z.D  =  )  /.A. 

If  AC  +  CB  is  lefs  than  iSo";  then  cb  is  lefs  than  cd. 
And  /.CBD  is  greater  than  (z.d  =  )z.a.  / 


(94) 
(94) 


99. 


THEOREM    IX. 


/;/  right  angled  fpheric  triangles,  the  oblique  angles  and  their  oppofite  fides 
are  of  the  fa?ne  kind:  That  is,  if  a  leg  is  lefs  or  greater  than  90",  its  oppofite 


r/,. 


angle  IS  aljo  hfs  or  greater  than  90'^ 

Jn  the  right  angled  fpheric  triangle  ABC,  right 
an^leJ  at  a. 

If  AC  is  greater  than  90°  j  then  Z.  ABC  is  greater 
than  90'. 

If  AC  is  Icfs  tlian  92°;  then  Z.  at?c  is  lefs  than  90°. 

Dem.  Let  the  leg  ac  be  lei's,  ad  equal,  ac 
greater,  than  90',  and  defcribe  the  arc  db. 

Nov/  D  beinr;  the  pole  of  ab  (37).  Therefore 
Z.DBA  is  right. 

Confequently  if  ac  is  lefs  than  ad,  the  /.cba  is  lefs  than  Z-DBA. 

But  if  AC  is  fjreater  tha:i  ad,  the  z. cba  is  greater  than  Z.dba. 

And  the  fame  may  be  proved  of  the  kg  ab  and  its  oppofite  angle. 

100.  THEO- 
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100.  THEOREM    X. 

•  In  right  angled  fpheric  triangles^  bac,  the  hypothenufe,  BC,  is  lefs  than 
90°,  ivhenthe  legs,  ab,  AC,  are  of  a  like  kind:  But  the  hypothenufe  is 
greater  than  90°,  when  the  legs  are  of  different  kinds ^ 

ift.  When  the  legs  ab,  ac,  areboth  lefs  than  90°. 
Dem.  In  BA,  AC  produced,  take  bd,  af  equal  to  y  v. 

quadrants ;  through  f  and  d   de'fcribe  an  arc  fd  \\ 

meeting  bc  produced  in  E. 

Now  F  being  the  pole  of  bd  (19).  Therefore  b 
is  the  pole  of  ED. 

Confequently  BC  is  lefs  than  (be  =  )  90°. 

2d.  When  the  legs  ab,  ac,  are  both  greater 
than  90°. 

Produce  AC,  ab,  till  they  meet  in  d. 

Now  the  hypothenufe  cb  is  common  to  both  the 
right  angled  triangles  bac  and  bdc. 

And  the  legs  dc,  db,  being  both  lefs  than  90". 

Therefore  the  hypothenufe  bc  is  lefs  than  90", 
by  the  firft  cafe  of  this  Theorem. 

3d.  When  the  legs  ab,  ac,  are  one  greater,  the 
other  lefs  than  90°. 

In  AB,  and  ac  produced,  take  bd,  af  each  of 
90°,  and  dcfcribe  the  arc  fed. 
Then  b  is  the  pole  of  fd  ;  and  fince  f  is  the  pole 
of  BA,  and  fd  is  at  right  angles  to  bd.  Therefore 

be  =  9o^  (37) 

Confequently  BC  is  greater  than  90  degrees. 

ici.  CoROL.  I.  The  hypothenufe  is  lefs  or  greater  tha  90°,  accord- 
ing as  tlie  oblique  angles  are  of  a  like,  or  different  kinds,  n 

For  if  legs  are  like,  or  unlike,  the  angles  are  like  or  unlike.  (99) 

And  if  legs  arc  like,  or  unlike,  the  hypoth.  is  acute  or  obtufe.      (100) 
Therefore  if  the  angles  are  like,  the  hypothenufe  is  acute,  or  lefs  than 
90°  J  but  if  unlike,  the  hypothenufe  is  obtufe,  or  greater  than  90". 

rc2.  CoROL.  II.  The  legs  and  their  adjacent  angles  are  like,  or  un- 
•likc,  as  the  hypothenufe  is  lefs,  or  greater  than  90  degrees. 

For  like  lcg5,  or  like  angles,  make  the  hypothcnufj  acute  (by  ift  and 
2d  of  100). 

And  unlike  legs,  or  unlike  angles,  make  the  hypothenufe  obtufe  (by 
3 J  of  IDG  and  by  101). 

1 03.  Cor 01..  III.  A  log  and  its  oppofite  angle  are  both  acute,  or  both 
obtu.'c,  accoriling  as  the  hypotlicnufe  and  other  leg  are  like,  or  unlike, 

'i'his  i.-,  evident  from  the  three  cafes  of  this  Tlieorem. 

104.  CoRoi..  IV^  Either  angle  is  acute,  or  obtufe,  as  the  hypothcnuf* 
and  the  other  angle  are  like,  or  unlike. 

I'his  follows  from  cafe  ift  and  2d  of  this  Theorem. 

JL  3  1C5.  TIIEO- 
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105.  T  H  E  O  RE  M    XI. 

In  every  fpher'ic  triangle,  abc,  if  the  angles  adjacent  to  either  fide,  a-q,  be 
alikt-,  then  a  perpendicular,  cd,  drawn  to  that  fide  from  the  other  angle,  will 
f-.li  within  the  triangle  :  But  the  perpendicular  CD  falls  without  the  triangle, 
ivhen  the  angles  adjacent  to  the  fide  ab  it  fails  on  are  unlike. 

Demqnst.  Since  in  all  right  angled  triangles 
the  perpendicular  and  its  oppofue  angle  arc  of  the 
fanje  kind.  (99) 

Therefore  the  z.s  cad,  ced,  are  each  like  cd. 

Nov/  in  Fig.  I.  the  angles  cad,  cbd,  or  cab, 
CBA,  are  angles  adjacent  to  the  bafe  ab  within 
the  triangle,  and  are  tocrcfore  alike. 

'Jhercforc  the  perpendicular  falling  between  a 
and  B,  falls  wiihin  the  triangle. 

In  Fig.  2.  the  angles  cad  and  cab  are  the  fup- 
plenients  of  each  other,  and  are  therefore  unlike, 
as  CA  falls  obliquely  on  ab. 

Therefore  A  cab  is  unlike  to  Z-Cba. 

Confequcntly  the  perpendicular  cd  cannot  fall 
between  a  and  b  :   Therefore  it  nnift  fall  without. 

106.  THEOREM    XII. 

If  the  two  leffer  fides,  CA,  CB,  cf  a  fphcric  triangle,  abc,  are  cf  the  fame 

kind;  then  an  arc,  CD,  drawn  from  their  included  angle,  acb,  perpendicular 

to  the  opj^oftte  fide,  AV,,  vjill  fall  within  the  triangle. 
Demonst.     In    ab   take   af:=:ac  ;   draw   CF 

and  AH  at  right  angles  to  cF. 

Then  chzzhf  (91)  are  each  lefs  than  90°.  (93) 
Aifo  take  be=:bcj  draw  ce   and  bg   at  right 

angles  to  ce. 

i'hen  CGzrcE  (91)  are  each  lefs  than  90°.  (93) 
Now  in  the  right  angled  triangles  fha,  egb  ;  if  the  hypothenufes  af 

(r:AC),  and  be  (:r:Bc),  are  acute,  or  like  fh  and  eg  ; 

Then  the  angles  afh  and  beg  are  acute,  and  like  AC  and  bc  ;     (103) 
Therefore  the  perpendicular  cd  falls  on  ef,  within  the  triangle.    (105) 
Alio  if  the  hypothenufes  af  and  be  are  obtufe,  or  unlike  to  fh  and  ge  j 
Then  the  angles  afh  and  beg  are  obtufe,  and  alfo  like  ca  and  cb.(  103) 
Confequently  the  perpendicular  will  fall  on  ef.  (i^i) 

Therefore  in  either  cafe  ihe  perpendicular  falls  within  the  triangle, 

THEOREM     XIH. 


1^7- 

In  all  right  angled  fphcric  triangles, 

yii  ih:e  hypcth.  :  Rad  :  :  fine  of  a  leg  :  fine  of  its  oppofte  angle. 
ic8.       J/'dfiic  a  leg  :  Rad.  :  :  inn.  other  leg  :  tan.  of  its  oppofte  angle.  PI.  I. 

DrMON';"T.  Let  fdafg  rcprclent  the  eighth  part  of  a  fphere,  where 
the  quadraiital  phincs  edfg,  edbc,  are  both  perpendicular  to  the  qua- 
d.antal  plane  adfb;  and  the  qiiadrantal  plane  adcc  is  perpendicular  to 
the  quadrantal  plane  edfg  :  and  the  fphcric  triangle  abc  is  right  angled 
at  B, Where  ca  i>  the  hvpothcnufe,  and  ba,  bc,  are  tiie  legs. 

'1  o  the  arcs  c  F,  CH,  draw  the  tangents  hf,  ob,  and  the  fines  CM,  cr, 
on  the  radii  DF,  EB  ;  alfo  draw  fl,  the  fine  of  the  arc  ab,  and  CK,  the 
line  of  AC  ;  then  juin  IK  and  OL. 

Now 
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Now  HF,  OB,  CM,  CI,  are  all  perpendicular  to  the  plane  ADFE. 
And  HD,  CK,  OL,  lie  all  in  the  fame  plane  adgc. 
Alfo  FD,   IK,  BL,  lie  all  in  the  lame  plane  adfb- 
Therefore  the  right  angled  triangles  hfd,  cik,  obl,  having  the  equal 
angles  hdf,  cki,  olb,  (II.  199)  are  funilar.  (II.  167) 

Therefore         CK  :     dg    :  :  ci  :  cm. 

That  is.  As  fin.  hyp.      :   Rad.   :  :  fin.  of  a  leg         :  fin.  opp.  angle. 
For  GM  is  the  fine  of  the  arc  gf,  which  mcafures  the  angle  cab.     (9) 
Alfo,         As         LB       :     df     :  :  bo  :  fh. 

That  is,  Asfin.ofaleg  :   Rad,    :  :   tan.  of  other  leg  ;  tan.  opp.  angle. 

109.  T  H  E  O  R  E  M     XIV. 

In  right  angled  fpheric  triangles^  abc,  if  about  the  oblique  angles .^  A,  c> 
as  poleSy  at  90"  dijlance,  there  be  defer i bed  arcs,  d£,  fe,  cutting  one  another 
in  E  J  and  the  fid.  s  ab,  ac,  bc,  of  the  triangle  be  produced  to  cut  thofe  arcs 
in  D  ;  G,  F  ;  H,  I  ;  there  will  be  con/lituted  ttvo  other  triangles.,  cgk,  HIE, 
the  parts  of  luhich  are  either  equal  to.,  or  are  the  complements  of.,  the  parts 
of  the  given  triangle .,  ABC.     PI.  I. 

Demokst.  Now  fince  a  is  the  pole  of  ed  (19}.  Therefore  ad,  ac 
are  at  right  angles  to  ed  ;  and  fo  is  ed  to  ad.  (37) 

And  fince  bi  and  de  are  at  right  angles  to  ad,  their  interfc<Slion  h  is 
the  pole  of  AD  (36).     Therefore  11  li,   hd  are  quadrants.  (35) 

Then  in  the  triangle  CGH,  rig'iit  angled  at  g. 

conccniplcment  of  ac. 

HGzzcomp.  Z.A;  For  jig  is  the  comp.  of  GD,  which  mea.  Z.A.  (9) 

HC  the  hypoth.  is  the  comp.  of  cb. 
The  z.HCGrzZ.ACE.  (26) 

1  he  ACHGzrcomp.  ab  :  For  bd,  the  comp.  of  ab,  meafurcs  Z.CHG. 

Alfo  in  tlie  triangle  Eiii,  right  angled  at  i  :  Becaufe  cf,  ci  are  at 
right  angles  to  ef  ;  and  ef,  eg  being  alfo  at  right  angles  to  af  ;  therefore 
J-:  is  the  pole  of  af  ;   (36)  confequcntly  ef  and  eg  are  quadrants.      (35) 

Then  the  hypoth.  E:irzZ.Aj  For  g hit: comp.  of  em  and  gd  ;  and 
CD  meafurcs  the  angle  A. 

Hi=rcn  ;  ior  Hcrrcomp,  of  iii  ai-.d  en. 

Eizrcomp,  Z.  c  ;   For  El^comn,  of  if,  wp.icii  me:;nirc=;  Z.C. 
The  Z.  H:3;conip..  ab  ;   P'or  bd,  the  compof  Ai5,   mearures  /LW. 
'Fhe  Z-ErrAc  i   For  gf,  the  meafure  of  Z.E,  is  equal  to  Z.  ac. 
no.  T  n  E  C)  R  E  M     XV. 

/;;  every  fpheric  tria-igle,  it  -ivdl  //•■, 
As  the  fine  of  cither  angle,   is  to  the  fine  cf  its  of^fci.tr  fuie  ; 
80  is  the  fine  of  aucther  an'Jc,   to  the  fnc  of  its  oppoflte  fde. 

Let    Arc   bc  a   fpheric   tii.'nglc,    where    bd   is 
pcrjXTidicular   to  a>„  prc-Uiccd  ;    forir.ing  ihc  two 
r!:^iit  a:;-b.l  triangb^s  .Wi?.,   (^r.'i. 
1);,M.  NcA  fn.  A.:  :  rad.  :  :  fui.  i.n  :  fin.  Z.  A.(lC7) 
Ar'.J  fin.  r.c  :  rad.  :  :  fin.  i:d  :  fin.  /_c. 


r.c 

Therefore  fir,,  ah  x  fin.  Z.A— rad.xfin.  ro. 
Ar.d  hn.  rjcxfin.   Z.c  — rad.xfin.   [;D. 
Thcrcture  l;n.  aisxHii.  Z-A—fin.  r:     Xiin.  Z.C. 
'Jlicrcf'jjc  hn.  Z-A  :  fin.  iic  :  :  fuu  z.c  :  Juu  ab. 

L  .1 


flE  16:..) 

(11.  162' 

(II.  46^ 

(II.  i6'J 

SEC  FI  ON 
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SECTION    VI. 
Of  the  Solution  of  right  angled  fph eric  Triangles. 

In  every  cafe  of  right  angled  fpheric  triangles,  three  things  befide  the 
radius  enter  the  proportion,  of  which  two  are  given,  and  the  third  is 
fought. 

Now  the  folution  of  every  cafe  will  be  obtained  by  the  application  of 
the  two  following  rules  to  Theorem  XIII.  and  XIV.    {107,  io8,  109.) 

iir.  Rule  I.  If  of  the  three  things  concerned,  or  their  complements, 
two  are  oppofitc  to  one  another,  and  the  third  is  oppofite  to  the  right 
nnglc,  in  one  of  the  triangles  marked  i,  2,  3,  in  the  fig.  toTheo.  XIV. 
PI.  I.  Then  the  thing  fought  will  be  found  by  the  firft  proportion  (107) 
cither  diredtly,  or  by  inverfion, 

112.  Rule  II.  If  of  the  three  things  concerned,  or  their  comple- 
ments, two  are  fides,  and  the  third  is  an  oblique  angle,  in  either  of  the 
three  triangles  marked  i,  2,  3,  in  fig.  to  Theo.  XIV.  PI.  I.  Then  the 
thing  fought  will  be  found  by  the  fecond  proportion  ( 108)  either  diredtly, 
or  by  inverfion. 

113.  PROBLEM    I. 

In  the  right  angled  fpheric  triangle  abc,  Plate  I.  Theorem  XIV. 

Given  the  hypothenufe  ac  1  •    j  *u       n. 

J  {■'^i     ,  >■  required  the  reit. 

and  one  ot  the  legs     ab  j     ^ 

I  ft.  To  find  the  angle  ACB  oppofite  the  given  leg  ab. 

Here  the  things  concerned  are  AC,  Z.B,  ab,  Z_c  ;  which  are  found  in 
the  triangle,  N°  I,  to  be  oppofite;  and  fo  fall  under  Rule  I.  (m) 

Then  fin.  ac  :  rad.  :  :  fin.       ab  :  fin.  Z-ACB.  (io?) 

Or  fin.  hyp.    :  rad.  :  :  fin.  g.  leg  :  fin.  op.  /..  Like  the  g.  leg.    (99) 

2d.  To  find  the  angle  cab  adjacent  to  the  given  leg  AB. 

Here  the  things  concerned  are  ac,  Z.b,   ab,   2.  a. 

Now  trying  in  the  triangle,  N°  i,  I  find  the  things  concerned  will 
fall  under  neither  of  the  Rules. 

But  trying  in  the  triangle,  N°  2,  the  things  concerned,  or  their  com- 
plements, fall  under  Rule  II.  (^12) 

Then  fin.  hg  :  rad.  :  :  tan.  GC  ;  tan.  Z.CHG.  (10^) 

Orco-f  Z.CAB  :  rad.  :  :  co-t.  ac  :  co-t.  ab. 

Or  co-f.  Z.CAB  :  co-t.  ac  :  :  (rad.  :  co-t.  ab)  :  :  tan.  ab  :  rad.  (III.  36) 

Therefore  rad.  :  co-t.  hyp.  :  ;  tan.  g.  leg  :  co-f.  adj.  angle.    (II.  145) 

Like,  or  unlike  the  given  leg;  as  the  hyp.  is  acute,  or  obtufe.    (102) 

3d.   To  find  the  other  leg  BC. 

Here  the  things  concerned  are  ac,  ^b,  ab,  bc  ;  which  in  the  triangle, 
N°  I,  do  not  fall  under  either  Rule  :  But  in  N°  2  they  will  be  found  to 
fall  under  the  firft  Rule.  (m) 

Then  fin.   he  :  rad.  :  :  fin.  CG  :  fin.  l_Qi\o.  (107) 

Or      co-f.  cb  :  rad.  :  :  co-f.  AC  :  co-fi  ab. 

Therefore  co-f.  g.  leg,  ab,  :  rad.  :  :  co-f.  hyp.  AC,  :  co-f.  rcq.  leg  CB. 

And  is  acute,  if  hyp.  and  given  leg  are  like  ;  but  obtufe,  if  unlike.  (103) 

114.  PROB^ 
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114.  PROBLEM    II. 

In  the  right  angled  fpheric  triangle  abc.     PI.  I.  Theorem  XIV. 
Given  the  hypothenufe  ac  J 

And  one  of  the  oblique  angles  a  J       ^ 

ift.  To  find  the  leg  CB  oppofite  to  the  given  angle  A. 

In  the  triangle,  N°  i.  the  things  concerned  fall  under  Rule  I.       ( i  n) 

Then  rad.  :  fin.  ac  :  :  fin.  ^cab  :  fin.  cb.  \^^1) 

Or  rad.  :  fm.  hyp.  :  :  fin.  given  angle  ;  fin.  opp.  fide. 

And  is  like  the  given  angle.  (99) 

2d.  To  find  the  leg  ab  adjacent  to  the  given  angle  a. 
In  the  triangle,  N°  2.  the  things  concerned  fall  under  Rule  IL       (112) 
Then  fin.  hg  :  rad.  : :  tan.  CG  :  tan.  Z.CHG.  (108) 

Or  cof.  ABAC  :  rad.  :  :  (co-t.  ac  :  co-t.  ab  :  :)  tan.  ab  :  tan.  ac. 

(HI.  37) 
Therefore  rad.  :  tan.  AC  :  :  co-f.  Z.bac  :  tan,  ab. 
Or  rad.  :  tan,  hyp.  :  :  co-f.  given  angle  :  tan,  adjacent  leg. 
And  is  acute,  if  hyp.  and  given  angle  are  alike  ^  but  obtufe  if  unlike.  (104) 

3d.   To  find  the  other  angle  acb. 

In  the  triangle.  No  2,  the  things  concerned  fall  under  Rule  II.       (112) 
Then  fin.  cg  :  rad.  :  :  tan.  gh  :  tan.Z-HCG.  (10^) 

Or  co-f  AC  :  rad.  :  :  co-t.  z.  bag  :  tan.Z.BCA  :  :)  co-t.  Z.  bca.  :  tan. 

Z.BAC.  (III.  37) 

Therefore  rad.  :  tan.  Z.bac  :  :  co-f.  AC  :  co-t.  Z.bca.  (IL  145) 

Or  rad.   :  co-f.  hyp.   :  :  tan.  given  angle  :  co-t.  req.  angle. 

And  is  acute,  if  hyp.  and  given  angle  are  alike ;  but  obtufe,  if  unlike. 

(1C4) 

115.  PROBLEM     III. 

In  the  right  angled  fpheric  triangle  abc.  Plate  I.  Theorem  XIV. 

Given  one  of  the  lees  AB     7n        •     1  .1         a 
A     1  •.  r.  \  >  Required  the  reit. 

And  Its  oppoiite  angle  acb  j       ^ 

ifl.    To  fiind  the  hypothenufe  AC. 

In  the  triangle,  N ''  i .  the  things  concerned  fall  under  Rule  I.       ( i  n ) 

Then  fin.  Z.  ACB  :  fin.  AB  ::  rad.  :  fin.  AC.  (^o?) 

Or  fin.  given  angle  :  fin.  given  leg  :  :  rad.  :  fin.  hyp. 

And  is  cither  acute  or  obtufe. 

2d.   To  find  the  other  leg  CB. 

In  the  triangle,  N°  1.  the  things  concerned  fall  under  Rule  II.      (112) 

Then  fin.CB:(rad.  ::)tan.Ai5(:  tan.  Z.  aci;)::  co-t.  z.  acb:  rad.  (II  1. 36) 

Or  rad.  :  co-t.  given  angle  :  :  tan.  given  leg  ;  fin.  req,  leg* 

And  is  cither  acute  or  obtufe. 

3d.   To  fiind  the  ct'.\-r  angle  CAC. 

In  the  trianglj,  N  '  3.  the  things  concerned  fall  under  Rule  I.     (m) 

Then   fin.  ilu  :  rail.  :  :  fin.  ei  :  fin    z.mi-.  (^c?) 

Or  fin.  Z.RAC  :  rad.  :  :  co-f.  Z-ack  ;  cc-f.  at;. 

Or  co-f  given  I'.-g  :  co-i'.  given  angle  ;  ;  rad.  :  fin.  required  angle. 

And  is  cither  acute  or  obiulv. 

116.  PROB- 
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116.  P  R  O  B  L  E  M    IV. 

In  the  light  angled  fpheric  triangle  abc,  Plate  I.  Theorem  XIV. 

Give  one  of  the  legs  ab  7  o  •  j  .u  n. 
Y  J.  J.  ,  *=  1  ,  C  Required  the  reft. 
And  Its  ;idjacent  angle  bAc  j       ^ 

ift.   To  Jind  the  other  angle  BCA. 

In  the  triangle  N"*  3.  the  things  concerned  fall  under  Rule  I.  (m) 

Then  rad.  :  fin.       eh  :  :  fin.  Z-F.hi  :  fin.  ei.  (107) 
Or      rad.  :  fin.  Z.BAC  :  :  co-f.  ab     :  co-f.  Z.acb. 

Therefore  rad.  :  co-f.  given  leg  : :  fin.  given  angle  :  cO-f.  req.  angle. 

And  is  like  the  giveij  leg.  (99) 

2d.   To  find  the  other  leg -ZC. 

In  the  tri.ingle,N°  i.  the  things  concerned  fall  under  Rule  II.       (112) 
Then   fin.   ab  :     rad.    :  :  tan.  Bc         :  tan.  Z.  cab.  (i^^) 

Or  rad.  :  fin.  ab  :  :  tan.  Z.CAB  :  tan.  bc. 

Therefore  rad.  :  fin.  given  leg  : :  tan.  given  angle  :  tan.  req.  leg. 
And  is  like  the  given  angle,  (99) 

3d.  To  find  the  hypothenufe  AC. 

In  the  triangle,  N°  2.  the  things  concerned  fall  under  Rule  II.    (ill) 
Then   fin.   gh    :  rad.  :  :  tan.  cg  :  tan.  Z.chg.  (lO^) 

Or  co-f.  Z.CAB  :  rad.  :  :  co-t.  ac  :  co-t.  ab. 

Therefore  rad.  :  co-f.  given  angle  :  :  co-t.  given  leg  :  co-t.  hpothenufe.- 
And  is  acute,  if  the  given  leg  and  angle  are  alike  y  but  obtufe,  if  unlike. 

(102) 

117.  P  R  O  B  L  E  M    V. 

In  the  right  angled  fpheric  triangle  abc,  Plate  I.  Theorem  XIV. 
Given  both  the  legs  ab,  bc. 
Required  the  reft. 

ifl:.   To  find  either  of  the  chUque  angles^  os  bag. 

In  the  triangle,  N'^  i.  the  things  concerned  fall  under  Rule  II,       (112) 
Then,  as  fin.  ab  :  rad.  :  :  tan.  nc  :  tan.  Z.bac.  (10^) 

Or  rad.  :  fin.  ab  :  :  (tan.  /Ibac  :  tan.  bc  :  :  )  co-t.  ec  :  co-t.  /Lbac. 

(HI.  37) 
Therefore  rad.  :  fin.  one  leg  :  ;  co-t.  oth.  leg  :  co-t.  opp.  angle. 
And  is  like  its  oppofite  leg.  v  (99) 

2d.   To  find  the  hypothenufe  AC 

In  the  triangle,  N^^  2.  tlie  things  concerned  fall  under  Rule  I.       (m) 
Then,  As  rad.  :  fin.  hc  :  :  fin.  Z-CHG  :  fin.  CG,  (^^7) 

Or  rad.  :  cof.  bc  :  :  co-f  ab  :  co-f.  ac. 

Therefore  rad,  :  co-f.  oric  leg  :  :  co-f.  oth.  leg  :  co-f.  hypothenufe. 
And  IS  acute,  if  the  le^s  are  alike  ^  but  obtufe,  if  unlike.  (10°) 
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ii8.  P  R  O  B  L  E  M    VI. 

In  the  right  angled  fpherical  triangle  abc,  Plate  I.  Theorem  XIV. 
Given  both  the  angles  baGj  bca. 
Required  the  reft. 

I  ft.  To  find  either  of  the  legs,  as  'bc. 

In  the  triangle,  N°  2  or  3.  the  things  concerned  fall  under  Rule  I.  ( 1 1 1 ) 

Then,  rad.  :  fin.    hc  :  :  fin.  z.hcg  :  fin.  hg.  (^07) 

Or       rad.  :  co-f.  bc  :  :  fin.  z.acb  :  co-f.  /.bag.    . 

Therefore  fine  of  one  angle  :  rad.  : :  co-f.  oth.  angle  :  co-f.  oppofite  fide. 

And  is  like  its  oppofite  angle.  (09) 

2d.   To  find  the  hypothentife  AC, 

In  the  triangle,  N"  2.  the  things  concerned  fall  under  Rule  II,    (112) 
Then,  As  fin.  CG  :rad.  :  :  tan.  gh  :  tan.  z.hcg.  (ig8) 

Or  co-f.  AC  :  (rad. : ;)  co-t.Z.BAC  (:  tan.  Z.bca)  :  :  co-t.  Abca  :  rad. 

(III.  36) 
Therefore  rad. :  co-t.  one  angle  : :  co-t.  oth.  angle  :  co-f.  hypothenufe. 
And  is  acute,  if  the  angles  are  like.  -    (lOi) 

But  obtufe,  if  unlike. 

In  thefc  fix  Problems  are  contained  fixtecn  proportions,  which  are  ap- 
plicj.ble  to  the  like  number  of  cafes  ufually  given  to  right  angled  fpheric 
trianc^lcs  ;  and  thefe  proportions  being  colleclcd  and  difpofed  in  a  Table, 
will  readily  fhevv,  by  infpedlion,  how  any  of  the  cafes  are  to  bc  folved. 

The  cek^brated  Lord  Nepier,  the  inventor  of  logarithms,  contrived  a 
general  rule,  eafy  to  be  remembered,  by  which  the  folution  of  every  cafe 
in  right  angled  fpheric  triangles  is  readily  obtained,  where  the  table  of 
proportions  is  wanting  ;  which  rule  is  as  follows. 

General    Rule. 

119.  Radius  multiplied  by  the  fine  of  the  tniddle  part^  is  cither  equal  to  the 
product  of  the  tangent'^  of  extremes  lOiijunSi. 

Or  to  the  produSi  of  the  co-fines  of  extremes  diijnnSf. 
Ohfcrving  ever  to  ufie  the  con.plevients  of  the  hypoth.  and  angles. 

Lord  Nepier  called  the  five  parts  of  every  right  angled  fpheric  triangle, 
omitting  the  right  angle,  circular  parts  ;  which  he  thus  diitinguilhed  ; 
the  tivo  legs,  the  complements  of  the  tiuo  angles,  and  thiC  ccmplefnent  of  the 
hyp  oth  en-  fie  ;  and  any  two  of  thefc  circular  parts  being  given,  the  others  are 
tu  be  found  by  this  rule,  as  is  fticwn  in  what  follow?. 

Now,  In  ail  the  proportions  about  right  angled  fjheric  triangles,  there 
are,  befules  the  radius,  three  things  conccrneJ  ;  one  of  which  maybe 
called  the  middle  term  in  refpedl:  of  the  other  two  \  and  thefe  two,  in 
rcfpffl:  of  the  middle  term,  may  be  called  extremes. 

When  the  two  extremes  are  joined  to  the  middle,  they  are  called  ex- 
tremes coi.juncl:  But  when  each  of  them  is  disjoined  i'rom  the  middle,  by 
;iii  intermediate  term  (not  concerned),  they  are  then  called  extremes  dil- 
junct  ;   ticking  notice  that  the  riglit  an?:lc  does  not  disjoin  the  !e[';s. 

If  the  three  parts  under  confideration  do  all  join,  the  mitldit  one  of 
thofc  tliree  is  readily  fccn,  and  the  other  two  arc  extremes  conjnnJI:. 

But  if  only  two  of  tlie  three  parts  are  jriincd,  thefe  two  are  extremes 
disjuncl,  ajid  the  other  term  is  the  middle  part. 

Thefe 
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Thefe  things  duly  obferved,  the  pracSUce  of  the  Rule  will  appear  in  the 
following  examples. 

Example  I.   H^en  the  hypothenufe  and  the  angles  are  concerned. 

The  hypoth.  is  the  middle  term,  and  the  two  angles  are  extremes  con- 
jun£l ;   then  by  the  rule. 

Rad.  xfin.  hyp.  =  tan.  one  angle  x  tan.  other  angle. 
But  the  comp.  of  the  hypoth.  and  angles  are  always  to  be  ufed. 
Therefore  rad.  x  co-f.  hyp.=rco-t.  one  angle xco-t.  other  angle. 
Hence  rad. :  co-t.  one  angle  ::  co-t.  other  angle  :  co-f.  hypoth.  (II. 163) 
From  whence  are  deduced  the  6th  and  15th  cafes. 

Exam.  II.  ff^jen  the  hypothenufe  and  legs  are  under  confideration. 

The  hypothenufe  is  the  middle  term,  and  the  two  legs  are  extremes 
disjunil,  having  the  angles  between  them  and  the  hypothenufe. 

Then  by  the  rule.     Rad.  x  fin.  hyp.  r=  co-f  one  leg  X  co-f.  other  leg. 
But  the  complement  of  the  hypothenufe  is  to  be  uled. 
Therefore  rad.  X  co-f.  hypoth.  =  co-f.  one  leg  X  co-f.  other  leg. 
Hence  rad.  :  co-f.  one  leg  :  :  co-f  other  leg  :  co-f.  hypoth.      (II,  163) 
From  whence  are  deduced  the  3d  and  13th  cafes. 

Exam.  III.  The  legs  and  an  angle  under  confideration. 

Here  the  angle  and  its  oppofite  leg  are  extremes  conjun<Slj  and  the 
other  leg  is  the  middle  part. 

And  thefe  being  refolved  into  a  proportion  by  the  rule,  will  produce 
the  8th,  nth,  and  14th  cafes. 

Exam.  IV.  The  angles  and  a  leg  under  confideration. 

Here  one  angle  is  the  middle,  and  the  other  angle  and  leg  are  extremes 
disjunct,  the  hypothenufe  and  other  leg  intervening. 

Now  thcfc  being  refolved  into  a  proportion,  give  the  9th,  1 2th,  and 
J  6th  cafes. 

Exam.  V.  The  hypothenufe.^  a  leg,  and  the  angle  between  them,  being 
under  confideration. 

Here  the  angle  is  the  middle  term,  and  the  hypothenufe  apd  leg  are 
extremes  conjundl. 

And  thefe  being  refolved  into  a  proportion,  will  give  the  2d,  4th,  and 
loth  cafes. 

Exam.  VI.  The  hypothenufe,  a  leg,  and  its  oppofite  angle,  being  under 
confideration. 

Here  the  leg  is  the  middle  term,  and  the  hypothenufe  and  angle  are  ex- 
tremes disjunct,  the  other  leg  and  other  angle  falling  between  them  and 
the  middle. 

And  thefe  being  converted  into  a  proportion,  from  thence  the  ift,  S^'""* 
and  7  th  cafes  are  deduced. 
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SECTION      VIL 

Of  the  Solution  of  oblique   angled  ff  her ic  Tri-. 

angles. 

120.  All  the  cafes  in  oblique  angled  fpheric  triangles,  except  where  the 
three  fides,  or  the  three  angles  are  given,  are  moft  conveniently  refolved 
by  dravv^ing  a  perpendicular  from  one  of  the  angles  to  its  oppofite  fide, 
continued  if  neceflary  ;  which  perpendicular  v/ill  either  divide  the  given 
triangle  into  two  right  angled  triangles,  or  make  two  that  are  right 
angled,  by  joining  a  right  angled  one  to  the  given  triangle. 

In  drawing  this  perpendicular,  obferve, 

ift.  It  muft  be  drawn  from  the  end  of  a  given  fide,  and  oppofite  to  a 
given  angle.  - 

2d.  It  muft  be  fo  drawn,  that  two  of  the  given  things  in  the  oblique 
triangle  may  remain  known  in  one  of  the  right-angled  triangles. 

3d.  This  perpendicular  is  to  be  ufcd  as  a  known  quantity  ;  and  being 
drawn  as  here  directed,  will  either  fall  within  or  without  the  triangle,  as 
the  angles,  next  the  fide  on  which  it  falls,  are  of  the  fame  or  of  dif- 
ferent kinds.  (105) 
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PROBLEM    I. 


In  the  oblique  angled  fpheric  triangle  abc. 
Given  two  fides  ^  ca,  cb  l  ^       j^  ^j^^  ^^^ 

And  the  angle  cpp.  to  one,  Z.  CAB  i       ^ 


I  ft.  To  find  the  angle  oppofje  to  the  other  given  fide 

{  Z-CBA). 

As  fin.  EC  :  fin.  <^cab  : :  fin.  ac  :  fin.  Z.cea.  (no)      ^ 


C)r,  Ai  fin.  one  fide  \fin.  oppcfte  angle  :  :fn.  other  fide  :fn.  oppofte  angle, 
JVhieh  may  be  either  aeute  or  oltufe. 

2J.   To  find  the  angle  hetiveen  the  given  fdcs  (  Z.  acb). 
Now  rad.  :  tan.  Z.CAB  :  :  co-f.  AC  :  co-t.  (acd,  call  it)  m.         (3d  114) 
Or  rad.  :  tan.  given  L.  :  :  co-f  adj.fde  :  eo-t.  [of  a  fourth  th)  m. 
And  is  acntey  if  AC  and  z_cab  are  like  \   but  oi>tuf\  if  unlike. 
But  rad.  :  tan.  cd  :  :  co-t.  ac  :  co-f.  (Acorz)  m.  (2d  113) 

rad.  :  ran.  cd  :  :  co-t.  cb  :  co-f.  (ncD,  call  it)  n 
Therefore  co-t.  AC  :  co-t.  cd  ;  ;  co-f.  m  :  co-f.  n,  (II.  iSS) 

Or  ci-t.  fide  adj.  given  L.  :  co-t.  other  fide  :  :  co-f.  m  :  cc-f.  n. 
And  is  like  the  fide  cppfite  the  given  angle.,  if  that  angle  is  acute. 
But  unlike  that  fide ^  if  the  given  angle  is  ohtufe. 
CT'       ,!  I    r      I.      ■      ,  \  fum  of  m  and  n.,  if  A.*  fills  within 

loen  the  an?ie   ought,  \\z,l_AQ.v,:=.\',-^r    c  j       -r  ,    r  ii.  „.r,l,n„f 

'^     -'     ^     '  I  dijf.  of  VI  and  ;/,  //  ±  jiUis  ivithout. 


The  iriT.k  _L  f:£nif;cs  the  perpendicular. 


3d.  To 
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3d.  To  find  the  other  ftde  AU. 

Now  rad.  co-f. Z.CAB  :  :  tan.  AC  :  tan.  (ad,  call  it)  M.  (2d  114) 

Or  rad.  :  co-f.  given  angle  :  :  tan.  adj.  fide  :  tan.  (of  a  fourth  rzi)  m. 
Mute,  if  the  angle  and  its  adj.  fide  are  like ;  but  obtufe^  if  unlike. 
But  co-f.  CD  :  rad.  : :  co-f.  AC  :  co-f.  (ad  =  )  m. 

co-f.  CD  :  rad. :  :  co-f.  cb  :  co-f.  (db  call  it)  n.  (3d  113) 

Therefore  co-f.  ac  :  corf.  cb  :  :  co-f.  m.  :  co-f.  N.  (II.  155) 

Or  co-f.  fide  adj.  given  angle  :  co-f  other  fide  :  -.co-f  M.  :  co-f.  N. 
Like  the  fide  oppofite  the  given  angle,  if  that  angle  be  acute  ; 
But  unlike  that  fide,  if  the  angle  be  obtufe. 

— ,        r  ■/•,/•      »  \  fum  ofM  and  N,  if  the  ±  falls  within. 

Then  the  fide  fought  AB=  ^^^^^  ^^^^  ^^^^  r^,  if  the  ±  falls  without. 

But  if  CA  =  CB,  or  if  ca  =  i8o^ — cb,  or  if  ca  is  between   bc  and 
180— BC  ; 


ThenZ.B  is  like  bc  only, 
like 


And  if  bc 


;  is -J 


unlike 


AA 


5  ThenZ.ACB  =  m±n  only  i  and  ABrrM 
1  ±  N  only. 
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PROBLEM    11. 


In  the  oblique  angled  fphcric  triangle  abc. 
Given  two  angles  cab,  cba  1  Required 

And  a  fide  oppofite  one  of  them  ac  j  the  reft. 

ift.  To  find  the  fide  oppofite  the  ather  given  angle, 
viz.  cb. 

Then,  As  fin.  z.  cba  :  fin.  ac  :  :  fin.  z.cab  :fin. 

Or  fin.  one  angle  :  fin.  oppofite  fide  :  :  fin.  other  angle  :  fin.  oppofite  fide. 

Which  7nay  be  either  acute  or  obtufe. 

2d.  To  find  the  fide  included  by  the  given  angles,  viz.  ab. 

Now  rad.  :  co-f.  /.cab  :  :  tan.  ac  :  tan.  (ad,  call  it)  m.         (II.  1I4) 
Orrad.  :  co-f  A.adj .  given  fide  : :  tan.  the  given  fide :  tan.(  of  a  fourthz=.)M. 
Like  the  angle  adj.  the  fide  given,  if  that  fide  is  acute ;  but  unlike,  if  obtufe. 
But  rad.  :  tan.  cd  :  :  co-t.  a  cab  :  fin.  (ad^:)  m 

rad.  :  tan.  CD  :  :  co-t.  Z.cbd  :  fin.  (db,  call  it)  N.  (2d  115) 

Therefore  co-t.  Z.CAB  :  co-t.  Z-CBD  :  :  fin.  m  :  fin.  N.  (II.  155) 

Or  co-t.A.adj.  given  fide  :  co-t.  other  angle  :  •.fin,  M  :  fn.  N. 
JVhich  may  be  either  acute  or  cbtufe. 

cTL      .1     r  ■>    r      1^  i  fum  of  M  and  K,  if  the  s;iven  angles  are  alike. 

ihen  the  fioe  fought  A'zzz  i.J  ,.jx--^  j~  1       -r  .i       •  j  r; 

■J      J    '^  \  dijf.  ofu  and  N,  if  the  given  angies  are  unlike. 

3d.   T'j  find  the  other  angle,  viz.  /.ACB. 

Now  rad.  :  tan.  z.  cad  : :  co-f.  AC  :  co-t.  (z.  acd,  call  it)  m.  (3d  114) 
Orrad.  :  tan.  JL  adj.  fide  given  : :  co-f.  of  given  fide:  co-t.  (ofafourth::z'jm. 
Like  Z.  adj. /ide  given,  if  that  fide  is  acute  ;   but  unlike,  if  obtufe. 
But  co-f,  CD  :  rad.  :  :  co-f.  /.cab  :  fin.  (  Z.  ACD=;)m. 

co-f.  CD  :  rad.  :  :  co-f.  Z.abc  :  fin.  (Z_ncD,  call  it)  r.     (3d  115) 
Therefore  co-f.  z.  cab:  co-f.  ^  abc  :  :  fin.  m.  to  fin.  n.          (II.  155) 
Or  co-f.  /_adj.  fide  given  :  co-f.  other  angle  :  :  fin,  m  :  fn.  n, 
Jf^hich  may  be  either  acute  or  ohtife. 

Then 
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Then Z.  fought A^c-  UaVff"  ^^^_,«'   'fj^^^ S'^y^n  angles  are  alike 

■'  L  ^ill-  Of  m  and  «,  if  the  grjen  angles  ar(  unlike. 

But  if  AC  =  BC,  or  to  180° — Bc,  or  is  between  bc  and  i8o°— bc. 
Then  bc  cannot  be  unlike  its  oppofite  angle. 
Neither  can  DB,  or  theZ-BCD  be  obtufe. 
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PROBLEM     IK. 


In  the  oblique  angled  fpheric  triangle  abc. 
Given  two  fides  AC,  ab  1  r*       •     1  .v        n 

And  their  contained  angle  bag  }  ^^^"'^^^  '^^  ''^' 

ift.  To  find  either  of  the  other  angles,  as  Z.  ABC.         A^^-— — f; ^  Q 

As  rad.  :  co-f.  Z-CAB  :  :  tan.  ac  :  tan.  (ad,  call  it)  m.  (2d  114) 

Or  rad.  ;  co-f.  given  /_  : :  tan.  fide  opp  0 fit  •  Z- fought :  tan.  (of  afourthz:^)^. 

Like  the  fide  oppojite  A.  fought,  if  the  given  Z.  is  acute  ; 

But  unlike  that  fide,  if  the  given  Z.  is  obtufe. 

Take  the  diff.  between  ae,  fide  adj.  /L  fought,  and  {av>z=:)m  ;  call  it  N. 

Now  rad.  :  co-t.  CD  :  :  fin.  (  ad  =  )  m  :  co-t.  z.cab.  -(iftiiyj 

rad.  :  co-t.  cd  :  :  fin.  (db=:)  n  :  co-t.  z.abc. 
Therefore  fin.  n  :  fin  m.  :  :  co-t.  /.abc  :  co-t.  Z-Cab.  (II.  155) 

:  :  tan.    z.cab  :  tan.  z.cba.  (lil.  37) 

Orfn.  N  -.fn.  M  :  :  tan.  given  Z_  :  tan.  z.  fought. 

Like  the  given  angle,  bag,  if  m  is  lefs  than   ab,  the  fide  adjacent  the 
angle  fought ;  but  unlike,  if  yi  is  greater. 

2d.  To  find  the  other  fide  cb. 

As  rad  :  co-f.  Z-CAB  :  :  tan.  ac  :  tan.  (ad,  call  it)  m.  (2d  114) 

Or  rad.  :  co-f  given  z.  '■  '.  tan.  of  either  given  fide  :  tan.  [cf  afo!irth:=:)M. 

Like  the  fide  ifed  in  this  proportion,   if  the  given  Z-is  acute  ; 

But  unlike  that  fide,  if  the  angle  is  obtufe. 

Take  the'  difference  bctvoeen  the  other  fcle,  AB,  and  (ADn)  M  ;  call  it  N^. 

Now  rad.  :  co-f.  en  •  :  co-f.  (Anr=)  M  :  co-f  AC.  (2d  117) 

rad.  :  co-f  cd  :  :  co-f  (or.  — )  n  :  co-f.  cb. 
Thcrciore  co-f  m  :  co-f  N  :  :  co-f  AC  :  co-f  ci5.  (II.  155) 

Or  c:-f.  M  :  co-f.  N  :  :  co-f .  fide  ufd  infirfl  proportion  :  cc-f.fide  required. 
Lik:  K,  if  the  given  L.is  acute;   but  unlike  N,   if  that  Z^is  obtufe. 
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PROBLEM     IV. 


In  the  oblique  angled  iphcric  triangle  abc. 

(jivcn  two  angles  Z.cab,  Z.acb  \  -r^        ■     j  .1         a 
»     ,    ,    .    .     ,    J    1  rj  >  Required  the  rclt. 

Awv^  their  mciuded  hde  ac  3       ^ 

III.   To  f.nd  either  cf  the  other fdcs,  as  cv,. 

As  rad.  :  co-f  AC  :  :  tnn.Z-CAB  :  co-t.  (  L  acd,  call  it^  m.     ( ^jd  1 14) 
Or  rad. :  cof.  given  fide : :  tan.  /_  oppofite  fde  fought :  co-t.  (ofafou)  th'-z  )m. 
LIL-  thf  angle  jppoT.te  fde  fought,   if  the  given  !ule  is  acute  ; 
Bid  unlike  tint  angle,   if  the  giv:n  fde  be  ohtuj'e 

Take  the  dljf.  betivecn Z^  \cv.,  adj.  f:dc fought,  and  {  Z.  .\cn  —  ;  //;,  call  It  n. 
Then  rad,  :  co-t.  cd  :  :  co-f  (Z-ACd  — )  m  ;  co-t.  /.c.  (3d  116) 

rad.  :  co-t.  cd  ■.  :  co-f  (z.iiCD~)   n  ;  co-t.  c;:. 

Therefore 
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Therefore  co-f.  n.  :  co-f.  m  :  :  co-t.  cb  :  co-t.  ac.  (II.  155) 

: :  tan.   ac  :  tan.  cb.  (III.  37) 

Or  co-f.  n  :  co-f.  m.  :  :  tan.  given  fide  :  tan.  fide  required. 

Like  n,  if  the  angle  oppofite  the  fide  fought  be  acute  ; 

But  unlike  «,  if  the  angle  is  obtufe.  • 

2d.  To  find  the  other  angle  abc. 

As  rad.  :  co-f.  ac  : :  tan.  Z. cab  :  co-t.  (z.acd, 
call  it)  m.  (3d  114) 

Or  rad.  •.co-f.  given  fide ; :  tan,  either  given  ^ ;  co- 1. 
(of  a  fourthzz.)  m. 

Like  Z.  ufed  in  this  proportion,  if  the  given  fide, 
AC,  is  acute ; 

But  unlike  that  Z.,  if  the  given  fide  is  obtufe, 

Take  the  difference  between  the  other  Z-,  acb,  and 
Z.  (  AC D  = )  w,  call  it  n. 

Now  rad.  :  co-f.  cd  :  :  fin.  (/.Acorr)  m  :  co-f.  Z.CAB.  (ift  116) 

rad.  :  co-f.  cd  :  :  fin.  (z.bcd  =  )  n  :  co-f  Z- abc. 

Therefore  fin.  m  :  fin.  n  :  :  co-f.  z.cab  :  co-f.  z.abc.  (II,  155) 

Or  fin.  m  :fin.  n  :  :  co-f.  Z.  ufed  in  firfi  prop.  :  co-f.  Z.  fought. 

Like  the  Z.  ufed  in  both  proportions^  ifm  is  lefs  than  the  other  A.  j 

But  unlikcf  if  ni  is  greater  than  the  other  angle, 

125.  PROBLEM     V. 

In  the  oblique  angled  fpheric  triangle  abc.     Plate  I.  Problem  V. 

Given  the  three  fides  ab,  bc,   ac  3  Required  the  angles. 

To  find  the  angle  ABC. 

Let  HBKLM  reprefent  the  quarter  of  a  fphere,  the  center  of  which  is  o. 
Where  the  femicircular  fedions  hbk,  hlk,  are  at  right  angles  to  one 
another  ;  and  cb  is  perpendicular  to  hk. 

Then,  continuing  the  fide  bc  to  l,  the  arc  hml  meafures  Z.  abc.       (9) 

And  HQ^=i  chord  hl,  will  be  the  fine  of  |  (arc  hmc  =  |)z.abc. 

Draw  the  radius  oqm  ;  and  draw  LP,  qn  at  right  angles  to  hk. 

Then  LP=ifine,  hp  nverfed  fine,  ofz.  abc  ;  And  HNrzNP.   (II.  165) 

But  as  HQO  is  a  right-angled  triangle  J  OQ^being  perp.  to  hl.  (If.  125) 

Therefore  oh  :  hq^:  :  hq^:  hn.  (II.  170) 

And  oHXHN  =  HQ^  (II.  162;=  fquare  of  the  fine  of  ^Z-ABc. 

Make  BD=rBE=rBC;   and  AF::r:AG=:AC. 

Then  the  femicircular  plane  dce,  which  is  parallel  to  hlk  (23),  will 
»be  cut  by  the  femicircular  plane  fcg,  drawn  at  right  angles  to  the  plane 
HBK,  in  the  line  ci  (II.  209)  at  right  angles  to  de.  (II.  210) 

And  the  arc  dc,  and  its  verfed  fine  di,  are  fimilar  to  the  arc  hl  and 
its  verfed  fine  hp.  (29.  III.  15) 

r^,  ,  ,  /PH  \2HN 

Then  rad.  oh  :  rad.  ds  :  ;  ph  :  iDCrl  — XDsrr  / Xds. 

Voh  oh 

Draw  OR  parallel  to  fg  ;  then  arc  ARr=(90°  =  )  arc  bk,  and  rk=:ab. 

Therefore Z.  DiF rr  (  Z-KORrr  arc  RKri:)  arc  ab. 

Now  DS:=(sE=  fine  arc  be=:)  fine  arc  bc 

And  ad  =  (bd — ba  =  bc  — BA)=:difF.  fides  about  Z.  fought. 

AlfoZ-DFizri  arc(DG=:  AG  +  AD  =)  aC  +  ad,   tile   fine  of  which  is 

I  ID.     Schol.  to  art.  III.  45. 

And  arc  fd=:(af — ad==}  ac — ad,  the  fine  of  which  is  \_  df. 

5  Now 
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Now  fin.ilDiF  :  fin.ADFi  :  :  (fd  :  id  ::}  iFD:|iD.      (Schol.  III.  45) 
Or  fin.Z-DiF  :  fin./lDFi  :  :  |FD  :  —  xds. 

OH 
HN 

Therefore  fin.  Z.  DiF  XDS  X — =fin.  z.dfi  x|fd.  (II.  163) 

HN 

Therefore  fin.  /.difXdsX — XOH  =  fin./LDFi  XjFDXoh      (II.  156) 

Or  fin.ADIFXDS  XHN=:rm.Z.DFIX|FDXOH.  (II.  I49) 

Theref.  fin.z.DiFXDS  :  fin.z.i>Fi  xfFD  :  :  oh  :  hn.  (II.  163) 

:  :  OH  XOH  :  (hnxoh=:)hq^.   (II.  155) 
Therefore  fin.  L. dif  X  ds  :  fin.  2-DFI  x |fd  :  :  oh*  :  hq^- 
Or  fin.  ABxfin.BC  :  fin.  iAC  + ad  xfin.  |ac  — ad  :  :  Rad^  :  lin.  iz.Aac* 

fin.  \  AC  +  ADXfin.  \  AC— AD. 

Theref.fqu.fin.|z.ABcr: -r. xfqu.  Rad.(II.i64) 

fin.  AB  xfin.  BC  1  \  T/ 

Now  fuppofing  Rad.zri,  and  L.  to  ftand  for  logarithm. 

Then  2l,  fin.  \  Z.abc=:l.  fin.  jac+ad  +  l,  fin.  ac— ad — l.  fin.  ab 

— L.  fin.  BC.  (I.  90,  85,  86) 

And  putting  /for  the  arithmetic  complement  of  a  logarithm. 

/.  fin.  ab  +  A  fin.  BC  +  L.  fin.  |-ac  +  ad  +  l.  fin.  jac— ad 

Then  l,  fin.iz.ABC=: — 

*  2 

That  is,  having  determined  which  angle  to  find. 

To  the  arithmetic  complement  of  log.  fin.  of  one  containing  fide., 

Add  the  arithmetic  complement  of  log.  fin.  of  the  other  containing  fide., 

And  the  log.  fin,  of  the  \  funi  of  T,dfde  and  difference  of  the  containing  fdesy 

Alfo  the  log.  fm.  of  the  \  difference  of '^d fide  and  diff.  of  the  containing  fides.. 

Then  the  degrees  anfwering  to  half  the  fufu  of  thefe  four  logarithms.,  found 

among  the  fines  ^  being  doubled.,  -luill  give  the  angle  fought. 

lib.  P  R  O  B  L^E  M     VI. 

In  the  oblique  angled  fpheric  triangle  abc.  F 

Given  the  three  angles  a,  e,  c  ;   Requ.  the  fides. 

To  find  the  fide  ab. 

About  the   given   angles  as  poles,  defcribe  arcs  of 

great  circles  meeting  one  another,  and  forming  the 

triangle  fde. 

Then  are  the  fides  of  fde,  the  fupplements  of  the 

angles  a,  b,  c.  (95) 

Continue  fd,  fe,  the  fupplements  or  the  angles  e, 

a,  adjacent  to  the  fide  ab  required,  till  they  meet  in  G. 

Then  in  the  triangle  dge,  the  fides  gd,  ge,  arc  the  meafures  of  th« 
angles  b  and  a,  adjacent  to  the  fide  fought. 

The  fide  de  is  the  fupplement  of  A.c.  oppofite  the  fide  ab. 

NowZ-G  (  rr  Z.F,  by  31)  is  the  fupplement  of  ab. 

Tlierefore  the z. G  being  found  in  the  triangle  dgb  byPnoB.  V.  (125) 
will  give  the  fupplement  of  the  fide  ab  required. 

That  /J,  Let  the  given  angles  he  taken  as  the  fides  of  another  triangle, 
chferving  to  ufe  the  fupplement  of  that  angle  oppol'.tc  to  the  fide  re-quired. 

In  this  new  triangle  find  i^ly  pROB.  V.)  the  angle  oppojhc  to  that  fide  whtrt 
the  fupplement  is  ufcd. 

[hen  ivill  the  fuppkmcnt  of  the  angle  thui  found  he  tie  fde  required. 
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SECTION     VIII. 

'the  ConJlruSiion  and  numerical  Solution  of  the 
cafes  of  right  angled  fpheric  l^r tangles, 

156.  Exam.  I.     In  the  right-angled  fpheric  triangle  abc. 

Given  the  hypoth.  ac=64^  40'  1  t>       •    j  .l       n. 
A  ^A  «„„  1  ^  IT-,?  Required  the  reft. 

And  one  leg  bc=:42    125 

CONSTR  UCTI  ON  S. 

1  ft.   To  put  the  given  leg  on  the  primitive  circle. 

Defcribe  the  primitive   circle,    and  draw   the 
right  circle  ab. 

Apply  the  given  leg  (42**  12')   to  the  primitive 
circle  from  e  to  c. 

About  c,  as  a  pole,  at  a  diftance  equal  to  the 
hypothenufe  (64°  40')  defcribe  (68)  a  fmall  circle 
aa^  cutting  the  right  circle  ad  in  A  ;  and  draw  the 
■  right  circle  CD. 

Through  c,  a,  d,  defcribe  an  oblique  circle. 
.And  ABC  is  the  tri.ingle  fought. 

2d.  To  put  the  required  leg  en  the  primitive  circle. 

Defcribe  the  priiv.itive  circle,  and  draw  the  right 
Crrv  CK  J  on  v.'hich  lay  the  given  leg  (42°  12') 

-r,.-    .    .^  c.  _  (70) 

About  c,  as  a  pole  (66),  at  a  c.iftance  equal  to 
the  hypothenufe  (64°  40' j  defcribe  a  fmall  circle 
cutting  the  primitive  in  A  ;  and  draw  ad. 
Through  a,  c,  d,  defcribe  an  oblique  circle. 

(II.  72) 
Then  ABC  is  the  triangle  required  :  Whofe  fides  and  angles  are  mea- 
furcd  by  art.  70,  72. 

Computation. 

To  find  L-Oppof.  the  given  leg.  (127) 
As  fin.  hyp.  zzbi°  40'  0,04391 
To  Ri'.d.  rzgo    00     10,00000 


(II.  72) 


So  flu.  gn.  leg     zz^^z     iz       9,82719 


Tofia.op.Z.       ~4S    00       9,87110 


To  Jind/Ladj,  the  given  leg. 
As  Rad.  =90°  co' 

To  co-t.  hyp.       ^='^4    40 
So  tan.  gn.  leg.   zz^z     \z 


(128) 

10,00000 
9,67524 
9.9574^ 


Toco-f.  adjz.     =64    35       9,63272 


This  angle  is  acute,  becaufe  the  hyp. 
aiid  given  leg  are  of  like  kinds. 


This  angle  :s  acute,  becsufc  it  is  to  be 

like  tne  given  Jeji^,  which  is  acute. 

To  fndihe  ether  le^.  (129) 

As  co-f.  gn.  leg  rr4z''    lo'      0,13030 

To  Rad.  =:yo    00      io,odcoo 

So  co-f.  hyp.       zzb.\.    40       9>63i33  I  This   leg  is  acute,  becaufe  the  hyp. 

[arid  given  leg  are  of  like  kinds. 

To  co-f.r5q.  leg —54    43       0,-6163 


Note,  In  thcfe  operations,  and  in  all  the  following  ones,  although  the 

word  cc-fmc,  or  co-tangent,  \'^  ufcd  in  the  proportions,   yet  the  degi'ees 

'  and  iriinuics  fct  down,  arc  not  the  complements,  but  the  real  fides  or  angles. 
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157.  Example  II.  In  the  right-angled  fpheric  triangle  ABC. 

Given  the  hyopth^AC  =  64°  40'  1  r^     j^ed  the  reft.  >-^iJ 

And  one  angle    acb  ==  64    35  j      ^ 

Constructions. 
I  ft.  To  put  the  leg  adjacent  to  the  given  angle  on  tJ^e  primitive  circle. 

Through   any  point  c,  in  the  primitive  circle,  c 

defcribe  (75)  the  oblique  circle  cad,  making  with 
the  primitive  circle  the  angle  bca,  equal  to  the 
given  angle  64°  35'. 

In  the  oblique  circle  cad,  take  CA  equal  to  the 
given  hypothenufe  64"^  40'.  (70) 

Through  A  defcribe  the  right  circle  AB. 

And  cab  is  the  triangle  required. 

2d.  To  put  the  leg  oppofite  the  given  angle  on  the  primitive  circle. 

Having  defcribed  the  primitive  circle,  and 
drawn  the  right  circle  ob  ; 

Defcribe  (80)  an  oblique  circle  acd,  cutting 
the  right  circle  ob  in  c,  with  the  given  angle 
64°  35^,  and  having  the  part  AC  intercepted  be- 
tween the  right  circle  OB  and  the  primitive 
circle,  equal  to  the  given  hypothenufe  64° 
40' ; 

Then  abc  is  the  triangle  required. 

The  fides  required  are  meafured  by  art.  70. 

And  the  required  angle  by  art.  72. 

Computation. 


To  find  the  leg  opp.  the giv.  Z.     ( 1 30) 
As  Rad.  ==90°  00'    iO,oooco 


To  fin.  hyp.         =64    40 
So  iln.  given/.    =04     35 

To  fin.  op.  leg     =:54    43 

Like  the  given  angle. 


9,9,-609 
9»9)579 


To  find  the  leg  adj.  thegiv.  Z.  ( 1 3 1 1 
As  Rad.  =90°  00'    10,00003 

To  can.  hyp.        =64    40      10,32476 
So  co-f.  givenZ.  =64    35       9,63266 


9,91 188  I  To  tan.  adj.  leg  =42     12      9,95742 


Acute, as  the  hypothenufe  and  given 
'angle  are  of  like  kind. 


To  find  the  other  angle.     (132) 


As  Rad.  

To  co-f.  hyp. 

So  tan.  given  angle 


rrgo    co 
=64    40 

=  64    35 


To  co-t.  required  ang^e       —48    co 


10,00000 

9'63'33 
10,32313 

9,9^446 


And  is  acute,  as  the  hypothenufe  and  given  angle  are  of  like  kind. 
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158.  "ExAMrLE  III.  In  the  right  angled  fpheric  triangle  ABCi 
Given  one  leg  cb 

And  its  opp.  angle  cab 


Given  one  leg  cb  =  42°  12' 7  „       •     .   ,        n~ 

=  Is  00  }  ^^^""■c'J  the  reft. 


Constructions. 
I  ft.  To  put  the  rrqulred  leg  on  the  primitive  circle, 

Defcribe  an  oblique  circle  acd  (75),  making 
with  the  primitive  circle  the  angle  cab,  equal  to 
the  given  angle  48°  00'. 

About  the  center  o  of  the  primitive  circle  de- 
fcribe (67)  a  fmall  circle  at  the  diftance  of  the 
complement  of  the  given  leg  42°  12',  cutting  acd 
in  c. 

Draw  the  right  circle  ocb,  and  acb  is  the  tri- 
angle fought. 


2d.  To  put  the  given  leg  on  the  primitive  circle. 

Drav/  the  right  circle  gab,  and  another  oe  at 
right  angles. 

Make  bc  equal  to  the  given  leg  42°  12' ;  draw 
the  diameter  cb,  and  another  oP  at  right  angles. 

About  F,  the  pole  of  ab,  defcribe  a  fmall  circle 
(68),  at  the  diftance  of  the  given  angle  48"  00', 
cutting  OP  in  p. 

About  P,  as  a  pole  (62),  defcribe  the  oblique 
circle  cad,  cutting  ab  in  A.  Then  cea'  is  the 
triangle  required. 

The  fides  are  meafured  by  art.  70,  and  the  angles  by  art.  72. 

C  O  M  P  U  TAT  ION. 


To  find  the  hypothenufe. 
As  fin.  giv.^    =48°  00' 
To  fin.  giv.  leg  =4.2     12 
So  Rad.  =90    CO 


(133) 

o,  1 2893 
9,827  19 

10,00000 


Tofm.  hyp. 


164    40'        9,95612 


And  is  eiiher  acute  or  obtufe. 


To  find  the  other  leg.  ( 1 34) 

As  Rad.                =90°  00'  10,00000 

To  co-t.  giv.Z.    =148    00  9i95444 

So  tan.  giv.  leg    =:42     12  9,95748 

To  fm.  req.  leg  =54    44       9,91192 

And  is  either  acute  or  obtufe. 


To  find  the  other  angle.      ( 135) 


As  co-f.  given  leg 
To  co-f.  given  Z. 
So  Rad.  — 


~  42°  12' 
=  48  00 
=r  90    00 


To  fin.  required  Z.    — —     =:  64 
And  is  either  acute  or  obtufe. 


35 


0,13030 

9,82551 

10,00000 

9,95581 
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159.  Example  IV.  In  the  Tight  angled  fpheric  triangle  abc. 
Given  a  leg  ab  =  54°  43' 7  „       •    j  .u       /r 

And  its  ad^  angle  cab=:48   00  j  R^^"^'^^^  ^^e  reft. 

Constructions. 
xft.  To  put  the  given  leg  en  the  primitive  circle. 

Having  defcribed  the  primitive,  and  right  circle 
OB  ; 

Make  ba  equal  to  the  given  leg  54°  43' 

Draw  the  diameter  ad. 

Through  a  defcribe  the  oblique  circle  acd  (75) 
making  with  the  primitive  the  given  angle  bac 
48"  00',  cutting  OB  in  c. 

Then  is  acb  the  triangle  required. 

2d,  To  put  the  required  leg  on  the  primitive. 

In  the  right  circle  ob,  take  (71)  ab,  equal 
to  the  given  leg  54°  43'. 

Through  the  point  a,  defcribe  (76)  the  ob- 
lique circle  cad,  making  with  ab  the  angle 
bac,  equal  to  the  given  angle  48''  oo',  cutting 
the  primitive  circle  in  c. 

Then  is  abc  the  triangle  fought. 

The  fides  required  are  meafured  by  art.  70. 

And  tbe  required  angle  by  art.  72. 


Computation. 


To  find  the  other  angle. 
As  Rad.  =90°  00' 

Toco-f.giv.  Iegrz54    43 
Sofin.givenZ.     ==48    co 


{136) 

10,00000 
9,76164 
9,87107 


To  co-f.  req.Z.    =64    35       9,63271 


And  is  like  the  given  angle. 


To  find  the  other  leg.  [^V) 

As  Rad.                =90*'  00'  10,00000 

To  fin.  giv.  leg  =54    43  9,91185 

Sotan.giv.  Z.      =48    00  10,04556 

To  tan.  req.  leg  rr42    12       9,95741 

And  is  like  the  given  leg. 


To  find  the  hypothenufe.     ( 1 38) 

As  Rad.  

To  co-f.  given  Z.       — — 
So  co-c.  given  leg         — 


=  90° 

00 

10,00000 

=  48 

00 

9,82551 

=  5  + 

43 

9,84979 

To  co-t.  hypoth.        ■  zz  64    40 


9,67530 


And  is  acute,  as  the  given  leg  and  angle  are  of  a  like  kind. 
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i6o.  Example  V.  In  the  right  angled  fpheric  triangle  abc. 
Given  one  leg        ^^  =  S4-°  4-3^  1  v>       •    j  .u       n. 
And  the  other  leg  bc^^   12  }  ^^q^'^^^^  the  reft. 

Construction. 
To  put  either  leg  on  the  primitive  circle. 

Defcribe  the  primitive  circle,  and  draw  the 
right  circle  oe. 

Then,  let  the  given  legs  54°  43',  and  42°  12', 
be  applied,  one  from  b  to  a,  and  the  other  from  b 
to  c  (74)  ;  and  draw  the  diameter  ad. 

Through  the  points  a,  c,  d,  defcribe  an  oblique 
circle,  (II.  72) 

Then  is  abc  the  triangle  required. 

The  angles  a  and  c  may  be  meafured  by  art.  72. 

And  the  hypothcnufe  ac  by  art.  70. 

Computation. 

To  find  the  angle  a.      (  t  39  ) 

As  Radius         .'  rr  go"  00'        io,oocoo 

To  fin,  of  kg  AB       =  54    43  9,91185 

So  co-t.  other  leg  bc        r:  42     12  10,04251 


To  co-t.  op.  angle     a       r:  48    00         9,95436 
And  is  acute,  as  the  oppofite  leg  cb  is  acute. 

To  find  the  angle  c .     (139) 

As  Radius  '  zz  90°  00'  io,oooco 

To  fin.  cf  leg         CB  =:  42     12  9,82719 

So  co-t.  other  leg  A B  :::::  54    43  9,84979 

To  co-t.  op.  angle  c         r=  64    35  9,67698 

And  is  acute,  becaufi  the  oppofite  leg  ab  is  acute. 

To  find  the  hypothennfe  AC.     (140) 

As  Radius         — —  r:  90°  00'         10,00000 

Toco-f  either  leg  AB         =  54    43  9,76164 

So  co-f.  other  leg  cb         r:  42     12  9,86970 


To  co-f.  hypoth.   ac         tz  64    40 


9,63134 


And  is  acute,  as  the  legs  are  of  the  fame  kind. 
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16 1.  Example  VI.  In  the  right  angled  fpherlc  triangle  ABC. 
Given  one  angle       a  =48°  00' It,       •     .    u       /i 
And  the  other^ngle  0=64   35  }  ^'^"^'"^^  '^^  ''^' 

Const  r  u  c  t  10  n. 

7*0  put  either  leg,  as  CB,  on  the  primitive  circle. 

Having  defcribed  the  primitive  circle,  and 
drawn  the  right  circle  ob  ; 

Then  (81)  defcribe  the  oblique  great  circle 
CAD,  cutting  the  primitive  circle  in  the  given 
angle  c,  and  the  right  circle  oB  in  the  given 
angle  a. 

The  fides  are  to  be  meafured  by  art.  70. 

Computation. 

To  find  the  leg  CB.      ( 141 ) 

As  fin.  A  adj.  req.  leg     c     zr  64°  35 

To  Radius  ■=.  90    GO 

So  co-f.  other  angle        a     zr  48    00 

To  co-f.  of  its  op.  leg   cb     =42    12 


0,04421 

io,ocooo 

9,82551 

9,86972 


And  is  acute,  becaufe  the  oppofite  angle  is  acute. 

To  find  the  leg  ab.     ( 141 ) 

As  fin.  A  adj.  req.  leg      a     =  48°  00'  0,12893 

To  Radius  — '■ —  zr  90    00  10,00000 

So  co-f.  other  angle        c     z=  64    35  g,6}266 

To  co-f.  of  its  op.  leg   ab     =:   54    43  9>76i59 


And  is  acute,  becaufe  the  oppofite  Z.  is  acute. 

To  find  the  hypothennfe  AC      (142) 

As  Radius  zn  90°  00'  10,00000 

To  co-t.  either  angle  as  a      rr   48    00  9,95444 

So  co-t.  other  angle  as    c     =  64    35  9,67687 


To  co-f.  hypoth. 


AC     =:  64    40 


9.63131 
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And  is  acute,  becaufe  the  angles  are  both  acute,  or  like. 


162.  Ex- 


172 


SPHERICS. 


Book  IV. 


162.  Example  VII.  In  the  quad  ran  tal  triangle  abc.  ^  ^ 

Given  the  quadrantal  fide  AC   =  go^oo'l 

an  adjacent  angle      A   =  42   12  V  Required  the  reft. 
And  the  oppofitc  angle         b   r:   64  40  j 


Construction. 
To  put  the  quadrantaljide  on  the  primitive  circle. 

Having  defcribed  the  primitive  circle,  and 
drawn  the  diameters  ad,  .bc,  at  right  angles ; 

Dcfcribe  the  oblique  circle  abd,  making  with 
AC  an  angle  of  42°  1 2',  (75) 

Through  c  defcribe  a  great  circle  cbe,  cut- 
ting the  circle  abd  in  an  Z.  of  64°  40'.        (74) 

Then  is  abc  the  triangle  fought. 

The  angle  c  is  to  be  meafured  by  art.  72. 

And  the  fides  ab,  cb,  are  meafured  by  art.  70. 


C  o  M  p  u_T  a  T  I  o  N. 

Imagine  the  given  triangle  abc  to  bc  changed  into  a  right  angled 
triangle,  where  the  fupplement  of  the  angle  b  is  to  reprefent  the  hypothe- 
nufe,  and  the  angle  a  to  be  one  of  the  legs. 

Then  will  the  folution  fall  under  art.  127,  128,  129,  in  the  table  j  and 
the  numerical  computations  will  be  the  fame  as  in  Example  1.  Obferving 
that  the  angles  there  found  are,  in  this  example,  the  meafures  of  the  fides 
AB,  CB  ;  ^and  the  fide  ab  in  that  example  ftands  for  tlie  angle  c  in  this. 

Now  in  determining  the  value  of  the  parts  of  this  triangle,  as  they 
arife  in  the  computation,  the  words  like  and  unlike  are  to  be  changed  one 
for  the  other,  where  the  hypothenuTe  is  concerned  in  the  determination  ; 
Thus  the  leg  ab  is  taken  acute,  bccaufe  the  fupplement  of  the  angle 
oppofite  to  the  quadrantal  fide,  which  is  here  ufed  as  the  hypothenufc, 
is  unlike  the  other  given  angle  ;  and  Its  oppofite  angle  c  is  to  be  acute 
for  the  fume  reafon  :  But. the  kind  of  the  fide  nc  being  known  by  the 
kind  of  its  oppofitc  angle  a,  it  muft  be  taken  acute,  as  the  oppofite  angle 
is  acute. 

In  the  confiruction  there  arifes  two  triangles,  either  of  which  v/ill  an- 
fwer  the  conditions  in  the  exainple  •  For  the  finull  circle  defcribed  about 
p,  the  pole  of  the  oblique  circle  abd,  cuts  the  diameter  ad  in  the  points, 
rt,  b  ;  and  either  of  thefc  points  may  be  taken  for  the  pole  of  the  oblique 
circle  wanting  to  complete  the  triangle. 

Now  if  a  he  taken  tor  the  pole,  then  in  the  triangle  abc,  the  meafure 
of  the  things  fought,  v/ill  be  equal  to  thofe  arifing  from  the  computation  : 
£lut  the  angle  b  is  the  fujTi^lemcnt  of  what  was  given. 

And  if  b  is  taken  for  the  pole  ;  then  the  triangle  abc  will  arife  from 
the'  conftruction  ;  wherein  the  angles  A  and  b  arc  reipeclively  equal  t<-) 
what  is  propounded  :  But  then  the  fide  ab,  and  the  angle  c,  will  both 
bc  obtuf.'. 
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S  E  C  T  I  O  N      IX.  ' 

I'he  ConJlruEiion  and  numerical  Solution  of  the 
cafes  of  oblique  angled  fph eric  Triangles, 

163.  Example  I.     In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  fide  ab   =:   114°  30^1 

the  fide  BC   =     56    40  5-  Required  the  reft. 

And  an  angle  oppofite  to  one  fide,  BCA   =    125    20  j 
Construction. 

To  put  the  given  ftde^  adjacent  to  the  knotvn  angle,  on  the  primitive  circle. 

Defcribe  the  primitive  circle,  and  draw  the 
diameter  bd. 

Make  BC  equal  to  the  fide  adjacent  to  the  given 
angle  =  56°  40^  (70) 

Defcribe  the  great  circle  CAE,  making  the  angle  Df 
BCA  equal  to  the  given  one,  =1125°  ^o'-  (75) 

Through  B  defcribe  a  great  circle  bad,  cutting 
AE  in  A,  at  the  diftance  of  ab,  the  other  given 
fide  from  b,=  ii4°  30,  (68) 

Then  ABC  is  the  triangle  fought. 

And  the  parts  required  are  meafured  by  art.  70,  72. 

Computation. 
To  find  the  angle  A,  oppofite  to  the  other  given  fide.      (144) 
A;  fin.  one  fide  Asr:  1 14"  30'  0,04098  ") 

1  o  I'm.  op.  Z.       cm25   209,911581      Which  may  be  either  acute  or  ob- 
So  fin.  oth.  fide  csrr   56  40  9,92194  Mufe  from  the  things  given :  But  the 

I  conftrudlion  fhevvs  it  to  be  acute. 

To  fin.  op.  /I       A=  4S   30  9,87450] 

To  find  the  angle  B  between  the  given  fides.      (145) 


As  Rad 

To  tan.  giv.  /.  c=:i25    20    10,14941 

Soco-f. adj  fid.Bc;=  56  40     9j73'y97 


—  n',°co'  10,00000  Asco-t.S.ad.g./.ucr:  56''4o'o,i8i97 
Toco-t.oth.fide ABz:;!  14.  30  9,65870 
So  co-f.  m  =127  47  9,7^723 


To  co-t.  m 


r=i27  47     9,88938 


And  is  obtufe,   as  the  given  angle 
and  its  given  adjacent  fide  are  unlike. 


To  co-f.  n 


=  64  53  9,62790 


Which^s  acute,  being  unlike  fide  op- 
pofite given  Z.,  that  2.  being  obtufe. 


Then  as  tiie  given  fides  are  unlike,  the  difF.  of  m  and  n,  or  62"  54'=  Z.B. 
'0  find  the  other  fide  AC.      (  1 4^  ) 


As  Rad.  zz  90"  co'  io,oocoo 

To  co-f  giv.  A  cm 25   20     9,7621s 
So  tan.  adj.fid.  Bt  :=   56  40   10,18197 


To  tan.  M 


=  138  40     9,94415 


And  is  obtufe,  as  Z.c  and  cb  are  unl. 


As  co-fS. ad. g.Z.BC=56°4o'o, 26002 
Toco-f  oth.  fide  ABm  14  30  9,61773 
So  co-f.  M  ==138  40  9,87557 


To  co-f  N 


=  55  29  9>7?332 


And  is  acute,  being  unl.  a  ti  as  above. 


Then  as  t  c  and  b  a,  are  unlike  the  diff.  of  m  and  n,  or  £3"  1 1  — ac. 
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164.  Example  II.  In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  angle  bac=  48"  3c/ T 

the  angle  bca  =  i25  20  >•  Required  the  reft. 

And  the  fide  oppofite  to  one  angle,   ab=:ii4  30  J 

Construction. 


To  put  the  given  ^Je  ab  on  the  primitive  circle. 

Defcribe  the  primitive  circle ;  draw  the  diame- 
ter DA  ;  and  through  a  defcribe  the  great  circle 
ACD,  making  the  given  angle  bac=48°  30^.  (75) 

Make  the  arc  ab  equal  to  the  given  fide:= 
114"  30'  (70)  J  and  draw  the  diameter  be.  ^ 

Through  b,  defcribe  the  great  circle  bce, 
cutting  ACD  in  an  angle  equal  to  the  given  angle 
bca  =  i25°  3.0'.  ^  (78J 

Then  is  acb  the  triangle  fought. 

And  the  parts  required  are  to  be  meafured  by  art.  70,  72. 

Computation. 

To  find  the  fide  oppofite  the  other  given  angle,     (147) 

As  fin.  one  Z.  c=i25°2o'c,oS842 
To  fin.  op.  fide  AB=:  1 14  30  9,95502 
So  fin.  other  Z.   A=r  48  30  9,87146 


To  fin.  op.  fide  Bcrr  56  40  9,92190, 


Which  may  cither  be  acute  or  ob- 
tufe  from  what  is  given.  But  thecon- 
llrudion  ihews  it  to  be  acute. 


To  find  the  fide  AC  between  the  given  angles.     (148) 


As  Rad.  :=90*  00' 10,00000 

Toco-f  Z.ad.g.S.AZ=48   30     9,82126 
So  tan.  gn.  S.  ABZzi  14  50  10,34130 


To  tan. 


=  124  31    10,16256 


Andisobtufe,  being  unlike  Z.A,  as 
AB  is  greater  than  90° 


Asco-t.Z.ad.g.S.Ar=  48°  30' 0,05319 
To  co-t.  other  Z.  01=125  20  9,85059 
So  fine  M  =124  31  9,91591 


To  fine  N 


=:  41    19  9,81969 


Which  may  be  either  acute  or  ob- 
tufe;  either  41°  20'  or  138°  4c'. 


Then  as  the  given  angles  are  unlike,  the  diiFerence  of  m  and  n,  or  83°  12', 
is  the  fide  ac.  Or  the  fum  of  138**  41',  and  124°  31',  lefTcned  by  180°, 
leaves  83"  12'. 

To  find  the  other  angle  ABC.      (  1 49) 


As  Rad.  rr^o^oo'  10,00000 

Totan.Z-ad.g.S.  Ar::48   30   10,05319 
So  co-f,  gn.  S.  ab:::i  14  30     9,61773 


To  co-t.  m 


—  "5  07  9,67092 


And  is  obtufe,   being  unlike  Z.A, 
as  its  adj.  fide  ab  is  greater  than  90' 


Asco-f.Aad.g.S.A=  48°3o'o,i7874 
To  co-f.  other  Z.  c=i25    209,76218 


So  fine  m 
To  fine  n 


=:  J 15  07   9,95686 
=  52   13  9'89778 


Which  may  be  either  acute  or  ob- 
tufe,  viz.  52°  13',  or  127''  47' 


Then  as  the  given  angles  are  unlike,  the  diiFerence  of  m  and  n,  or  620  54  , 
is  the  angle  b  required.  Or  the  fum  of  1 15*"  07',  and  127°  47',  leffened  by 
1 80°,  leaves  62*  54'. 
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165.  Example  III.   In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  fide  ab   =    114*  30''! 

the  fide  bc  =     56    40  >  Required  the  reft. 

And  the  contained  angle     abc   =     62    54  3 

Construction. 
To  put  either  ef  the  given  fides^  as  bc,  on  the  primitive  circU.  . 
Defcribe  the  primitive  circle ;   draw  the  dia- 
meter BD  ;  and  through  B  defcribe  a  great  circle 
BAD,   making   the   given    angle    abc  =62°    54'. 

(75)  D 
On  the  circles  bcd,  bad,  take  the  arcs  bc, 

ba,   refpectively  equal    to   the   given  fides,   viz. 

Bc  =  56°  40',  and  ba  =  ii4°  30^  (70) 

Draw  the  diameter  ce,  and  through  c,  a,  e, 
defcribe  the  great  circle  cae  ;   then  abc  is  the  triangle  fought. 

The  required  parts  of  abc  are  meafured  by  art.  yo,  y2. 

Computation. 

To  find   the   angle   c.      (150) 
As  Rad.  :=  90^00'  10,00000 

Toco-f.  p;ivenZ-Bn  62   54     9,65853 
So  t.S.op.re.Z.  ABr:i  14  30   10,34130 


To  tan.  M 


=  135  CI     9,999^3 


Obtufe,  being  like  fide  op.  req.  JL, 
the  given  angle  being  acute. 

Take  the  difference  between  m  and 
BC,  and  it  is  78**  21';  call  it  n. 


As  fine  N  rz  78°  21'    0,00904 

To  fine  M  ^='35  o'     9»84936 

So  tan.  given  Z.Err  62  54  10,29096 


To  tan.  req.  /_  0  =  125    '^^   10,14936 


And  is  obtufe,  being  unlike  the  given 

>angle,  becaufe  m  is  greater  than  bc, 

the  fide  adjacent  to  the  required  angle. 


To  find  the  angle  a.      (150) 

rr go"  00'  10,00000  "^  .  ,    .        ,.,      r.  , 

^  'Acute,  being  like  fide  op.  req.  /., 

the  given  angle  being  acute. 

Take  the  difference  between  m  and 

BA,  and  it  is  79"  48'  j  call  it  n. 


As  Rad. 

Toc'-f.  given  Z.  h=ij2   54     9,65853 

So  t.  S.  op.  re.Z.iic::z56  40   10,18197 


To  tan.  of  M 


=  34  42      9,^4050 


As  fine  N  1^79"  48'    0,00692 

To  fine  M  =3+42     9'75533 

So  tan,  given  Z.  3=62   54   10,29096 


To  tan.  req.  A.    Arr48   30   10,05321 


And  Is  acute,  being  like  the  given 
wangle,  as  i.j  is  lefs  than  ab,  the  fid« 
adjacent  to  the  required  angle. 


As  Rad.  :=  90°oo'  10,00000 

To co-f.  given Z.Br=  62  54     9,65853 
So  tan.eith.  S.  ab:::;!  14  30   10,34130 


To  find  the  other  fide  a  c .     (151) 


To  tan.  M 


=  135  01     9,999^3 


Obtufe,  being  like  a  r,  the  fide  ufed, 
becaufe  the  given  angle  is  acute. 

The  cliff,  of  M  and  bc,  or  78"  2rc:N. 


As  co-f.  M  =:i35°oi'o,i5039 

To  co-f.  N  r=  78  21  9,30521 

So  co-f.  S.  ufed  AB=:  1 14  30  9.61775 

Toco-f.  S.  req.  Ac=  83   12  9,07333 

And  Is  acute,  being  like  n,  becaufe 
the  given  angle  is  acute. 
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i66.  Example  IV.  In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  angle  bca   =    125°  20' 1 

the  angle  bac  =     48    30  >  Required  the  reft. 

And  the  included  fide        ac  =:     83    12  3 


Construction. 
To  put  the  given  fide  on  the  primitive  circle. 
Defcribe  the  primitive  circle  ;  draw  the  diame- 
ter AD  i  and  through  a  defcribe  the  great  circle 
abd,  making  the  given  /.bag =48°  30^        (75) 
Make   ac    equal   to   the  given  fide  =  83°  \i'. 

Draw  the  diameter  ce,  and  through  c  defcribe 
the  great  circle  cbe,  making  the  given  angle 
BCA  =  i25°  20'  (75),  cutting  abd  in  b. 

Then  is  abc  the  triangle  fought. 

And  the  parts  required  are  meafured  by  art.  70,  72. 

Computation. 
To  find  the  fide  ab.      (152) 
As  Rad.  r=  90° co' 10,00000  *) 

Toco-f.gn.fideAC=:  83   12     9,07337  lObtufe,  being  like  Z. op.  fide  rcq.  the 
So  ta.Z.op.  r.S.  c  =  i25   20  10,14941  (given  fide  being  acute. 

—————  r      Take  the  difF.  between  m  and  Z. 
To  co-t.  M  n  99  29     9,22278  I  A,  and  it  is  50°  59';  call  ic  n. 

As  co-f.  n  =:  50'^  59'    0,20097  "j 

To  co-f.  m  rz  99   29     9,21615  /And  is  obtufe,  being  unlike  n,  be- 

So  tan. gn.  fide  a  c=:  83   12   10,92357  >caufe  the  angle  cppofite  to  the  fide 

■^— I  required  is  obtufe. 

Totan.req.fid.ABrr  i  i4°3o'  10,34139  J 

To  find  the  fide  bc.     ( 1 52} 
As  Rad.  rz90°oo'   10,00000  "1 

Toco-f.gn.fid.  Ac=:83   12      9,07337  I  Acute,    being    like   Z.  op.   fide   re 
So  tan.Z-op.r.S.  Ar:48   30    10,05319  (quired,  the  given  fide  being  acute 


To  co-t.  of  m       =82  22|-    9,12656 

As  co-f  n  — 42°57'i  0,13558 

To  co-f.  m  =82  22^-    9,12283 

So  tan.  gn.  fid.  Acr=83   12    10,92357 


To  tan. req. fid.  80  =  56  40    io,i8i( 


Take  the  difF.   between  m  and  Z. 
c,  and  it  is  42"*  57'i ;  call  it  n. 


And  is  acute,  being  like  n,  becaufe 
>the  angle  a  oppofite  to  bc,  the  fide 
required,  is  acute. 


As  Rad.  =:  90^00  10,00000 

Toco-f,gn.fid.Ac=  83   12     9,07337 
So  tan.  either  Z.  0:^125  20  10,14941 


To  find  the  other  angle  B.     (153) 


To  co-t.  m 


rr  99  29     9,22278 


Obtufe,  being  like  Z.  c  here  ufed, 
becaufe  the  given  fide  is  acute. 

Take  difference  of  m  and  Z.  a,  viz. 
42"  57'j  and  call  it  n. 


As  fine  m  zz  99°  29' 0,00598 

To  fine  n  r:   50  59  9,89040 

So  co-f.  Z.  ufed,  c=:i25  20  9,76218 

To  co-f.  req.  Z.  b=  62  54  9,65856 

And  is  acute,  being  unlike  the  angle 
c  here  ufed,  as  m  is  greater  than  the 
other  angle  a. 

167.  Ex- 
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167.  Example  V.  In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  fide   ab   =:   114°  3c/ 1 

the  fide  ac   =     83    13   >•  Required  the  reft, 
the  fide   bc   ==     56    40  3 

Construction. 

Sn?  put  either  Jide^  as  AC,  on  the  pri?mtrje  cirde. 

Defcribe  the  primitive  circle,   and  from  any 

^oint  in  the  circumference,  as  a,  fet  off  one  of 

the  given  fides,  as  ac,=:83°  13'  (70)  j  arrd  draw 

the  diameters  ad,  ce. 

About  c,  as  a  pole,  and  at  a  diftance  equal  to 
the  given  fide  bc,  =56°  40',  defcribe  a  final! 
circle  77B.  (68) 

About  A,  as  a  pole,  and  at  a  diftance  equal  to 
the  given  fide  ab  (when  ab  is  lefs  than  90°j  de- 
fcribe another  fin.Jl  circle  we  (68),  cutting  the  former  in  B  :  Rut  when 
the  fide,  as  AB,=rii4°  30',  is  greater  than  90°;  then  about  d,  the  oppo- 
fite  pole  to  A,  defcribe  a  finall  circle  with  the  fupplement  of  ab,  as  »i^y 
'cutting  the  former  fmall  circle  «b  in  b. 

Thro'  the  points  A,  6,  d,  and  c,  b,  e,  defcribe  the  great  circles  abd,  cbe. 
Then  is  abc  the  triangle  fought,  and  the  angles  are  meafured  by  art.  72. 
Computation. 
To  find  the  angle  c.      (154) 
Ar.  Co    fine  e 


Here  Ac  =  E~  83°  13 
cb=:f=:  56   40 


E- — Frrorr  26 
ab:=:g=:i  14 


33 
3<> 


C  +  D—  141     03 


87 


70''3il=ifum 
43  58^=|difF. 


Ar.  Co.  fine  F 
Sine  f  fum 
Sine  I  diiF. 


=  83" 

=  56 

=  70 

=43 


1 3     0,00305 
40     0,07806 

3'-i  9'9744i 
58;-  9,84158 

-     19,89710 


Sum  of  the  four  Log. 

£  fum  is  fin.  of  62°  39I'    -     9,94855 

Which  doubled  gives  125°  i9'=:Z.c. 


Here  AB"E  — 1 14°  30' 
AC  — Fr=  83    13 


To  f.nd  th-e  angle  A.      (  i  54) 


£ — Frrorr  31    17 

BC=GZZ    56     40 

c  +  D=  87    57 
c— 0=  25    23 

43^8'^ 

12   4»£ 

Ar.  Ca.  fine  E  =:ii4°  30'    0,04098 

Ar.  Co.  fine  f  =  H3    13     0,00305 

Sine  I  fum  rz  43    i;^^-  9,S4i58 

Sine  J  diif.  :=   12   41 1  9,34184 


Sum  of  four  Log.      -      -     19,2274; 

\  fum  is  fin>  of  24°  15'^  -        9,61372 

r^ 

Which  doubled  jm'vp"!  4^°  31'rrZ.A. 


To  f.nd  the  angle  E.      ( i  54) 
Here  Anrre  — 1 14°  30'  |  Ar.  Co.  i.ne  r:      mi   4'  30'    0,04098 


;6    40 

s— Frr'.—   57    50 

Atrro—     83       13 


■\r.  V.O.  fine  F      n;    50    4<^     o,o-So6 
Sim-  ^- ium  —   70    31^   9,97441 

Sine  ^  difF.  :::    12    413-  9,34184 


G  +  D  — 141    o 


-'31','-- J  fum! 


Sum  of  four  Log. 

i  fum  is  fin.  of  •^  :•"  28' 


J  9.43 i 29 
9.7  J  764 


c-^D~    ?5"  23I 12  41  ;  ~  '  (liiF. ,  V.'hich  douLIcd  ]ii\(.i  62"  56'~Z.b. 


178 


SPHERICS. 


Book  IV. 


i68.  Example  VI.  In  the  oblique  angled  fphcrlc  triangle  abc. 
Given  the  angle  a   =  48°  31' 1 

the  angle  b  =  62    52  ^Required  the  reft. 

the  angle  c  =125   20  3 

CoNSTRUCTlOK. 
to  put  either  two  angles,  as  c  and  b,  at  the  primitive. 

Defcribe  the  primitive  circle,  draw  the  diameters 
CD  and  EF  at  right  angles  to  one  another;  and  thro' 
C  defcribe  a  great  circle  cad,  making  the  angle 
BCA  equal  to  the  given  angle  0  =  125°  20'.     (75) 

Defcribe  a  great  circle  bag,  cutting  the  given 
great  circles  cfd,  cad,  in  the  given  angles  Brs 
62°  52^  and  a  =48°  31'.  (81} 

Then  is  abc  the  triangle  fought. 

Where  the  iides  are  meafured  by  art.  70. 


Here/.'3~E=:  62°  5 2' 


Sup.Z.c  =  G: 


14  21 

S4  40 


Computation. 

To  find  the  fide  ab.      (155) 

Ar.  Co.  fine  e 
Ar.  Co.  fine  r 
Sine  I  fura 
Sine  I  difF. 


C  +  D=    69    O 


c — or:  40   19 


34°3of'=|fum 


'.o  C9|=:|diff, 


=:  Cz'^^z'  0,05064 
=  48  31  0,12543 
=  34  30I  9.7532= 
=  20  09!  9.53733 


Sum  of  the  four  Log.  19,46662 

I  fum  is  fin.  of  32"  45 f         9.7333 » 
The  fup.  of  its  double  is  i  \j\.°  ^g'zz^R. 


HereZ.  c  =  E  =z  1 25°  20' 

Z.Ar:F=  48  31 

E — Fr:D=  76  49 
Sup.Z.BrrG=:ii7  08 


To  find  the  fide  AC.     (155) 

Ar.  Co.  fine  e  =125" 20'    0,08842 

Ar.  Co.  fine  f  r:  48  3  i     0,12543 

Sine  I  fum  rz  96  58^  9,99677 

Sine-i-diff.  =:  20  09-^  9,53733 


c  +  D  =  i93  57 


■D=    40    19 


^6°58£'=:|fum 


20  095=1  difF. 


Sum  of  four  Log.  ^9*74795 

2  fum  is  fin.  of  48°  25I'         9.^7397 
The  fup.  of  its  double  is  83°  09'nrcA. 


Here  A  0  =  1  =  125°  20' 
Z.B  =  F=  62  52 


To  find  the  fide  bc.      (155) 


E — r  =  Dzr  6«  28 
Sup.AA=G  =  i3i   29 

c  +  D  =  i93  57 


C — D=   69  01 


96^58f'=ffum 


34  3o|=idifF. 


Ar.  Co.  fine  e  =125°  20'    0,08142 

Ar.  Co.  fine  v  :r:  62   52     0,05064 

Sine  ^  fum  rz  96  58|-  9,99677 

Sine  i  difF.  =  34  30I  9,75322 


Sum  of  four  Log. 


19,88905 


I  fum  is  the  fin.  of  61°  39'      9,94452 
The  fup.  of  its  double  is  56°42'  =  bc. 
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-SECTION      X. 


..:.■:  :jr}  ^aii  .  ; 

'  ■■  'Ht  -CD  ."J  J 
169.  The  principles  already  delivered  have  been  fhev^n  fufficient  for 
deriving  methods  for  the  folution  of  all  the  cafts  in  fpherical  .Trigono- 
metry :  yet  as  there  are  many  other  ufeful  and  curious  particulars  which' 
appertain  to  the  fubjeift,  it  was  thought  proper  to  add  fomc  of  them  for* 
the  entertainment  of  fpccubtive  readers.  The  chief  of  thefe  relations^ 
cannot,  perhaps,  be  better  inveftigated,  than  by  imitating  the  method  of 
the  late  William  Jones,  Efq.  who  publifhed  in  the  year  1747,  in  the 
Philofophical  Tranfacflions,  N°  483,  fome  properties  of  Goniometrical 
lines ;  which  properties  are  moftly  derived  from  a  general  figure  which 
Mr.  Jones  improved  from  one  communicated  to  him  by  the  great  Dr.' 
Hallcy.     See  Synopfis  Palmar iorum  Mathefeos.,  p.  245. 


T>et  AB,  AD  ;  or  a^,  a^/,  be  any  two  arcs,  each  lofs  than  ()0  di'gr<*e3, 
£«•  and  RE,  or  bE  and  he^  be  the  Turn  and  difference  of  tlicir  riglu  fiaci, 
Ki  and  DE,  the  fum  and  difference  of  their  co-fncs. 

The  arcs  c^/,  bd  ;  or  Ld,  hd;  exprefs  the  fum  and  difference  of  the  arcs 
AB,  AD.     do^  DL,  arc  fines  of  the  arcs  Br/,  r.D,  tlie  fum  and  difference  of 
arcs  AB,  AD  :    uo.  El,,  the  verfed  fines  of  that  fum  and  difference. 
»o,  aL:si./,  the  vcjfcd  fiacs  of  the  fupplements  of"  their  fnni  ^nC\  ui,*]. 


N  2 


Let 


rr 
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Let  the  arcs  b/,  b^,  be  the  half  fum,  and  half  difF.  of  the  arcs  ab,  ad» 
BF,  BG,  the  fines 
CF,  CG,  the  co-fines 

B</,  BD,  twice  the  fines 

KB,  K^,  twice  the  co- fines   ^  , 

TBy  PC,  the  co-tangent  and  the  co-fecantof  the  half  fum  of  the  arcs  ab,  ad.i 


Now  the  following  fet  of  triangles  being  fimilar, 

viz.    CBG,  Bdey  KBE,  Khl,  DBL,  CHB,  BHG,  Kdb* 

_,  CB  __B^__KB_Ki__BD  CH__BH__K^ 
CG~B^~KE~'k/""dL~"cB '~BO~K^ 
CB_^B//^KB__K^__BD_CH  BH  _K^ 
EG^Jtr  ~Be"~  ^/""bl^BH^Hg"^^ 
cg__b^__ke_k/_dl  CB__BG__K^ 
£G'~'(ie  ""be  "hi  "~*bl  ""bh~'hg"'^^  * 

The  following  fet  of  triangles  being  alfo  fimilar,. 

ViZ.    CBF,   BDE,   kZ'E,    Zf/O,   dso,   gib,   BIF,   PCB,   pic,   ¥LdB. 

There  will  refult, 

<::b_bd__k^  _^'2'd _Bd _Cl  __BI  __PC__PI  ^Kd 

cf~"be~'ke~zo~~Jo~"cb     bf""pb~'pc~ek. 

CB       BD       Kb      xd      B^___CI_BI_CP_PI_^K 

bf'~"de~eZ'~~^o"~bo~bi~if~'cb~ci~^b 

CF       be       KE       ZO       (5^0_CB_BF_PB__PC_BK: 

bf"*i?e~  Ei>  ~^y  ""bo^bi  ~*if  ""cb~ci  ~b^. 


170.  Nowr 
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'■o.    Now  the  feveral  values  of  the  radius  cb  being  colle£led,  are  placed  in 
mnexed  table;   where  the  letters  j,  /,  /",  -y,  ftand  for  the  fine,  tangent,  fecant, 
cd  fine  ;  and  the  letters  /,  t\  '/  the  co-hne,  co-tangent,  co-fecant,  of  the  arcs 
a  ;  or  of  the  arcs  ^A+a,  iA^  j  and  v\  the  vcrfed  fine  of  the  fupplement. 


Goniometrical  Properties. 


(171) 


s,  J-i-s,a 


(175) 

X        ^     ,         V  ^tylA  +  a 


(»72: 
s\J+s\a 


J,  y/ — Sf  a 


(176) 

"^ — TT — ^ —  ^  *  >  i^i— <i. 


(179) 

J,    yf ^,  <7  J 

-^ \ — J  X  /,  z^+a. 

S  ,  tf S  ,  ^ 


(i8o) 


(1S3) 
5\  <7 s\  A       ,      

— -j X/  >f  ^+a. 


(184) 
,         ^  X  f  J  2,  y4 — a. 


S  i JA+a 


{j37) 

X  /j  1 35+^. 


(191) 


^',y;+.'» 


X,    A^i 


■^•>A-\-a 


Xf,  ^.Y+rf. 


X  J,  -£^+«. 


J,^+J,a 


(177) 

y,  A-\-  J,  i7         


{181) 


2  f,  -i-^_. 


.  ^ (174) 


I  -; Xy,j;/f+a. 


25,|^y— a 


(188) 


i',  V  A — a 


X  /,  lA^a. 


(19=^) 


ir^r-  X  /,  fW— a. 


■                      (182) 
2y,  1^— ^        ,      


,  (189) 

2J  ,  jA-^-a  J 

rrrr— X  J,  f  yjf+j. 


ti86) 


25,  zd-a 


2-f,  5,4+. 


(195/ 


5,  A-\-a 


X  /,  [  ^+a. 


>>,  A-^a 


(199; 


— =r=X/,{.4+.. 


(203) 

I x/,i,./+a. 


(196) 


"'JtA — a 


X  /,  \A~~a. 


(200) 
^5  t^^ — a 


S-,  --.A—a 


■Si/7— » 


(204; 


x/.  f  :^ 


(1C7) 


/-.l.^+a 


f^i^zA — . 


(208 


■yj^  +  a 


(193) 
X  J,  fi^-f-a. 


(»97) 

.    J ^Xi,-L4+a. 


(201) 


2i\  1^-^ 


5}  W — a 


(190) 
X  J,  ^-A—a. 


(194) 


2^,5:^- 


V.A—a 


XS^lA—a. 


,    ^ (198) 

25  ,  T^A — a        V    J 


■y,^— a 


(^05) 


(209^ 


S-2--/+a 

y,z:7+; 


^'+/,iWi-«. 


(i02) 


(206) 

~       xy,  j/;+tf. 


j\  v^+a 


(zio) 


T-7=^X/  +  ',i.V-f  J. 


/,.:^+ 
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,t(u.,Wi  ,  (    From  the  preceding  table  a  very  great  number  of  properties  are  readily 
^jC'     '  ;   deduced  ;  fonie  of  which  are  here  annexed,  as  examples  of  its  ufe  j  where 
*niUogies  are,  in  general,  cxpreiTed  by  equal  ratios, 

'    '  ^,    fum  of  the  fines  of  two  arcs     tan.  of  half  the  fum  of  thofe  arcs 

'     difF.  oi  thciineaof  tlioibarcs     tan.  of  half  the  diff.  of  the  arcs*. 

,  -  q^,    fum  of  the  co-fin.  of  two  arcs  _  co-tan.  of  half  the  fum  of  the  arcs 

I.h'/  '        dlff^f  the  co-fin. of  thole  arcs"  tan.  of  halt  the  diff.  of  the  arcs' 


'  •  (175,  180) 

,_,    fine  of  the  fum  of  two  arcs     fum  of  the  tan.  of  thofe  arcs 

•^j^.  The '■ ^  — 

*''  fine  of  the  diff.  of  thoie  arcs     diff.  of  the  tan.  of  thofe  arcs* 

by  Compoiition. 

ThenM^±^!^=r^l^±^(III.  47,  48)=^  =  )'-^. 
Here  the  arcs  a,  a,  arc  the  fum  and  diff'.  of  the  arcs  {-A+a}  I  a— a. 

_,    cof  orthc  fum  of  two  arcs__diff.  of  tan,  of  one  and  cot,  of  other 
^'        ^cof.  oTthe  diff.  of  the  arcs~fum  of  tan.  of  one  and  cot.  of  other* 
taking  the  tan.  of  the  fame  arc. 

AvA+"^       s\A-\-s\a        .  j'M-T?^ /.I  A— a       s\A-i-s\a /,<7-fj\A 

r  or   •" =r— : — {2i2.And-T-j — ^-=_-<— — — , — — ;j r— 

tj^A—a      S,^—S,A^  ^jjA+d  +  ^vA— 4       ijA-f  i,«  +  ij«— J,A 

T-U      t\l—a—hlJIZ_f2s'A_]s\A 

Then-r-? — : — —-  j^=:  -^  (  —^  —  )  -7-  • 

Here  the  arcs  A,  a,  are  the  fum  and  diff.  of  the  arcs  fX+a,  -^-a— a. 

215.  The  fine  of  the  fum  of  two  arcs,  into  radius;  Is  equal  to  thet 
fum  of  the  products,  of  the  fine  of  the  greater  by  the  co-fine  of  the  Icfs, 
and  the  fine  of  tiie  Icfs  by  the  co-fine  of  the  greater.     And, 

The  fine  of  the  difference  of  two  arcs,  into  radius  ;  is  equal  to  the 
difference  of  the  products,  of  the  fine  of  the  greater  by  the  co-fine  of  the 
lefs,  and  the  fine  of  the  lefs  by  the  co-fine  of  the  greater. 


For    i         -J \ —         , ,     I ;   q\    >  Flere -^A+d  and  |a— a 

are  the  arcs. 

,,  5  '^  X^,A(the  fum)  —  .f,f'.V-f"7  x  s\\  \ — ,-f  ,c,?  a— ^  X  jM~-f7 

*^^^"    1  R  X-S^-'^the  diff.}::i:j,f  A  +  ;;  X  ^  ,  ^  A^— .' ,  { 'K^a  X  /,  £  a + ^. 

216.  The 
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216.  The  co-fine  of  the  fum  of  two  arcs,  into  radius;  is  equal  to 
the  difference,  between  the  product  of  the  co-fines,  and  product  of  the 
fines,  of  thofe  arcs. 

The  co-fine  of  the  difference  of  two  arcs,  into  radius  ;  is  equal  to 
the  fum,  of  the  produd:  of  the  co-fines,  and  produd  of  the  fines,  of 
thofe  arcs. 


— a-^'J^i  A  +  a  X  ^,i  A — a 
.-v+«i  X  5,j  A— J 


rRx|^-,A  +  |jV=/,iA+^X5MA—<,(i74).7    

i'ori         IS —  i>  ._    I ^,1 /xOr^   f  frA+a  and  f  a— 4  being 

(  RXfi,«— iJ,A=:f,TA-i;<iXi,tA— fl(l0lj.  j  *     -r  I  a 

the  arcs. 

^,       CRxAA(the  fum)=:5MA+3xAf.'wI — J,| 
^  ^^"  I  R  X  A«(  the  diff. )  =/,iI+;  X  sW^ZTa  +  j,i 

Radius,  lefs  the  co-fine  of  an  arc  _  Square  the  tan,  of  half  that  arc 
' 'Radius,  more  the  co-fine  of  an  arc"  Square  of  the  Radius 

R— AaT^  =  (^'jA+^=)-^^^— ^x^,A+j.  (195) 

For^ 

j» 

R  +  x\A+a=('y',A+'a=)7T==x^>A+7.  (191} 

Then — .   ^  -j^.  = ^— 

R.  +  i>Afii  RR. 

A  ^,    fum  of  the  fine  &  co-fine  of  an  arc_ Radius 

diff.  of  the  fine  &  co-fine  of  that  arc~tan.  of  diff,  of  that  arc  &45'^  • 

_,     fum  of  Rad.  and  tan.  of  an  arc^  Radius 

diff.  of  Rad.  ajid  tan.  of  that  arc     tan.of  diff.  of  that  arc  &45^* 

For  if  A  +  tf=:90°i  then  I A  =45"— I  <7;  and  |^=45^— ^a. 

Alfo  A^=x,A  :  s^a—s'^w  and  f,A=:/,A  Xi'jA-j-R,  (III.  33) 

Then-; -—=--7=  (212; 


..  Aa  +  ^a      /Ai5j-ifHli^N 

CJr zz  [  ■-■•  -  ]  — —= 

i,A— ^,A        V  /,A— 45    +-^A/       /,, 


R 


A  V2  45O 


.       .        -SA  +  Aa       /,„_  /,AXl,A-^R-f  5%A       '\/,Ay.AA  +  AAXR 

Agam,  z-—{  (III-  33) 1 r— =  ) ; 

°  5,A — s\.\        V^  ■^-'/,AXAa~R i,A       //jAxAa  — ^,AXR' 

/i,A-f /,A_f,A  +  R  X  Aa__  AR-f /,A_         R 
V  J,A  — i'jA^/jA— R  X  Aa"~/ R  ;/5  /,A~/,AcA45'> 

f 

•  This  mark  v3  fhews  the  difference  of  the  values  it  ilands  between. 

N  4  219.  The 
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219.  The  difference  of" the  co-fines  of  two  arcs,  is  equal  to  the  dif- 
ference of  the  vcifcd  fines  of  thofc  arcs. 

220.  The  product  of  the  fines  of  two  arcs,  is  equal  to  the  produft  of 
half  the  radius  into  the  difference  of  the  co-fmes,  of  the  funi  and  dif- 
ference of  ihofe  arcs. 


Or  j,z  X  J,x=-^R  X  s\Z+X' — j',z— X.    Putting  z=|A+a  ;  xr:|A— j. 

221.  The  produ£l  of  the  fines  of  two  arcs,  is  equal  to  the  produ£t  of 
half  tlie  Radius  into  the  difference  between  the  vciitd  fines,  of  the  fum, 
and  difference  of  thofe  arcs. 


Thatis,j,z  xj,x=:(|r  x^z+x — s\z.~-xi'2'20)=z)v,z+x — v,z^xxk^<- 

Tj  ir  L    T.    J-         fqunre  of  the  fiue  of  an  arc  ,        . 

222.  Half  the  Radius  =:-i-;:-i--; -^—. p (iQ^> 

verled  line  ot  twice  that  arc  ^   ^■^^. 

fquare  of  the  co-fine  of  an  arc 
"~fup-verlcd  line  of  twice  that  arc*  ^   °' ' 

prorlu6l  of  the  fines  of  two  arcs 
"~diff,  of  ver.  fines  of  the  fum  and  diff.  of  thofe  aj cs* 

.    ^221) 

,^,     ,       ,^    ,       prod,  of  the  fquares,  of  the  fine  and  cot.  of  an  arc 

223.  Thefq.  ofRad.zi-^^ -. — ^ — --^ —r— -.^ — -. 

"^  ^.         ■  Iquaie  ot  the  co-line  of  that  arc 

prod,  of  the  fquares  of  the  co-fine  &  tan.  of  an  arc 
"~  Iquare  ot  the  line  of  that  arc 

_  S,AXt\A       s\AXt,A^    ^      ^    _,  5^,AXJ^V\a       iV,AX//,A 

For  R=: = lioj.)  Then  rr-  '   ,^ =- ^ 

i^A  S,A        ^       '    ^  S  S  yA  iS,A 

224.   The  product  of  Radius,  and  the  co-fine  of  an  arc,  is  equal  to 
the  difference  of  the  fquares,  of  the  fine  and  co-fine  of  half  that  arc, 

For-^^^^^=,_,^   193,  I97)=j___^.    Putz:z:A+.. 
-^=— ^--li-^JI.  III.)    An^  KXs\z~fs\\7.-ss,lz. 


=  ^5i^  +  JyIz;x;\|i— j,|z.    (II.  119) 

In 


Book  IV. 


SPHERICS. 


185 


In  any  fpheric  triangle  abc,  if  in  the  fide  cb  produced,  be  taken  BE,  bd, 
each  equal  to  ba,  and  ?g  be  drawn  at  right  angles  to  ca. 

of  the  legs  including  the  angle  at  b. 


Then  CE  =  BC  +  BA  is  the  fum  T 
CD=BC — BA  is  the  difF.  3 
CG  and  AG  are  the  fegments  of  the 
bafe,  or  fi'ie  oppofite  to  the  angle 
^.    4.  A  and  z.  c  arc    called  bafe 
angles.   Z.cbg=z^,  ^ABG=f  are 
the  vertical  angles. 
Now  a  very  great  number  of  relations 
qiay  be  formed  between  .the  fides  and 
angles ;  fome  of  which  are  here  enu- 
merated. 


225.  The  fines  of  the  legs,  are  as  the  fines  of  the  oppofite  bafe  angles. 

That  4s,  j,BC  :  j,BA  : :  s,a  :  j,c.  { 1 10) 

fum  of  the  fines  of  the  legs  fum  of  the  fines  of  the  bafe  angles 
Ilence  '         —  - —  ■ 

difF.  of  the  fines  of  the  legs     difF,  of  the  fines  of  the  bafe  angles 

by  compofition. 

226.  The  co-fines  of  the  bafe  angles,  are  as  the  fines  of  the  vertical 
angles. 

That  is,  /,c  :  /,a  :  :  s^a  :  s^c.  (3d  of  122,  and  2d  of  124) 

fum  of  co-fines  of  bafe  angles  fiim  of  the  fines  of  vertical  angles 
Aience  ■ — ^ .  ■  ■   .  ■ — — — - — - — . s — 

diff.  of  co-fines  of  bale  angles  difF.  of  fines  of  vertical  angles 
by  compofition  and  divifion  of  ratios. 


227.  The  co-fines  of  the  legs,  are  as  the  co-fines  of  the  adjacent  feg- 
ments of  the  bafe. 

That  is,  /,BC  :  j\ba  :  : /,CG  :  i\AG.  (3d  of  121,  and  2d  of  123) 

fum  of  co-fines  of  the  leo;s     Aim  of  co-fines  of  bafe   fegments 

Hence ' ^ — ^^-r^ — 

diff,  of  co-fines  of  the  legs     Jlrf.  of  co-fines   of  bafe  fegments 

bv  compofition  and  divifion  of  ratios. 

228.  The  co-tangcnts  of  the  legs,  arc  as  the  co-fines  of  the  adjacent 
vertical  angles. 

That  is,  /\bc  :  /\ba  :  :  s\a  :  s\c.  (2d  of  121,  and  2d  of  124) 

fi^m  of  co-t-  of  the  legs     fum  of  co-fines  of  vert,  angles 

diiF.  of  co-t.  of  the  lcgs~~dift'.  of  co-fines  of  vert,  angles     < 
pofition  and  divifion  of  ratios. 

229.  The  tangents  of  the  legs,  arc  as  the  co-f  of  the  adjacent  vertical 


!cs  reciprocally. 


iloncc 


fum  of  tan.  of  the  legs     fum  of  co-f.  of  vert,  angles 

dili'.  of  tan.  of  the  legs~dilF.  of  co-f.  of  vert,  angles    ^  ^omp. 
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230.  The  fitlQS  of  the  b.ife  fegments,  are  as  the  tangents  of  the  ad- 
jacent baie  angles  reciprocally, 

Thatis,j,cG  :j,ag  :  :  (/\c:/\a:  :)/,a  ; /,c.{2d  of  122,  and  iftof  123) 

Hfum  of  fines  of  bafe  fegments     fu,m  of    tan     of   bafe    angles 

once  " ^ 

difF.  of  fines  of  bafe  fegments ~diff.  of  tan,    of    baie  angles 
by  compofition  and  divifion. 

231.  The  tangents  of  the  bafe  fegments,  are  as  the  tangents  of  the  op^i. 
pofite  vertical  angles. 

That  is,  /,CG  :  ^A43  :  r/,fl  :  /,r.  (108) 

fum  of  tan.  of  b;afe    fegments     fum    of    tan.    of  vert,    angles 

Hence  ■  ■ — .  ■ '■''.'■''.'■■■  — "" 

diff".  of  tan.   of  bjife  icgments     dili".    of    tan.    of    vert,    angles 

by  compofition  and  divifion  of.ratios. 


tan,  of  half  thf  fum  of  the  legs  _^  tan .  of  hal  f  the  fum  of  the  bafe  an  g. 
tan.ofhalfthedifF,  ofthelegs~"tan.of  halfthedijF.of  theba/eang. 


lor — — = —  (325)=:-r •— ,  , ■•  (211) 

tan.  of  I  fum  of  bafe  fegments     tan.  of  |  difF.  of  the  legs    ' 

tan.  of  i  fum  of  the  legs        ""tan. of  |diff". of  thebafe  fegments* 

AB-^+A^C       /,GA  +  j\gC,  .        AvBC  +  HA       /\fc',+GA 

-lor-^ ^ — =z s (227)  =  .   ^  — •    ,  r..    (^212) 

Then —  -  — {  7-1         -■-  (il.  145 j  =  }  —r  —     •  ■  -.  (III.  -27 ) 

fine  of  fum  of  legs co-tan.  of  J  fum  of  vert,  angles 

^'  fine  of  diff.  of  legs     tan.  of  j- diff.  of  vert,  angles 

co-tan.  i  diff.  of  vert,  angles 

tan.  of  I  fum  of  vert,  angles 

,,         J.RC  +  i?A        //,BC4-/,BA.  .        /,6--f/,^^        ,,        NAvJ+T      t\^T^c 

lor  = :; (213)  = -T r-(226)=  ]■——=.=     - 

(212) 

^       cot.  off  fum  of  vert.  angles_tan.  off  diff.  of  bafe  angles 
tan.  of  I  fum  of  the  bafe  angles^tan.  of  \  diff.  of  vert,  angles* 

Ikncc  '-aS=('-4^(n.  ,45)=)i4^.  (III.  37) 


236.  The 
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fine  of  fum  of  the  legs  _fquare  of  co-t.  off  fum  of  vert,  angles 
^  '  fine  of  diff.  of  the  legs'" tan.  i  fum,  into  tan.  2  diff.  of  bafez.* 

For   V^= =zt,f=:,  {235) 

1  nen  j,bc+ba  :  /jBc— ba  : :  t  ^\a^c :  -= — 7T= ^'  (^34J 

•  :  ^V,i~c :  MaTc  xMirrc.  (II.  151) 

_,    fine  of  \  the  fum  of  legs     co-tan.  off  the  fum  of  vert,  angles 
^' '  fine  of  I  the  diiF.  of  lcgs~tan.  of  |  the  difF.  of  the  bafe  angles 


ror-.  ■^'^'+;_=^2^£±±1(236).  And^4-i±^=%=±^.     (232) 

i,iA  +  CX?,iA— C      J,BC— iiA^    ^    -^  ')|A-.C      /,|bC— BA        ^    "^    ' 


1  nen — ,■  ■ = — , ^=.  .  fll.  i^oi 

/,|a  +  CX/,|a--^.  X/,|-A— C      J,BC— BAX/,|bC— BA  ^  "^    ' 


And    — ,---^~       ^  (195,  193),  Then- J — — -- :         . 

//,  §A-.C       2iJ,iBC— BA  ^    ^^       ^'^^  J,iBC— BA      ^,  |a->C 

cof.  of  I  fum  of  the  legs_co-t.  off  the  fum  of  vertical  angles 
cof.  of  I  diff.  of  the  legs     tan.  of  |  the  fum  of  the  bafe  angles' 

For    , '2/.         -  ■  (236).  And— p==:  c^-=-!^ — .   (232) 

rp, /V,f7i7xMA— c __j,Bc-f  :iA  X  ^Mbc+  B A  ,.-        -. 

"^^  ^^T+Tx  /jf^^ZE  x  /,{aTc  ~*.f,BC-,BA  X  /,|bc_ba  ■  (     •  '5  J 

And- — -— =:-^-r-7^==rr  (191,  107).     Then-rT===--^=_=:. 

The  two  lafl  propofitions  f^olve  the  problem  where  two  fides,  andthe  in- 
cluded angle,  of  a  fpheric  triangle,  are  given  to  find  the  other  angles. 

Or  where  two  angles  and  the  included  fide  are  given,  to  find  the  other 
fides,  ufing  the  word  angles  for  legs  ;  the  given  fide  for  fum  of  vertical 
angles  ;  the  other  fide  for  bafe  angles. 


In  art.  237,  238,  the  conclufions  were  gained  from  this  principle,  namely, 
that  tbejtdes  of  proportional  J f!  arts,  are  in  thi  famt  proportion  as  tbc/e  Jjuares. 


239.  The 
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239.     The -co-finc  of  an  angle,  is  to  Radius  ?' 

As  the  Radius  into  co-f.  of  the  oppofite  fide,  lefs  the  produ(5l  of 

the  co-fines  of  the  including  fides. 
To  the  product  of  the  fines  of  the  including  fides. 


For  s\cG  =  {s\aC — AG  =  )/,ACX/,AG+5,ACXJ,AG-r  R.  (^l6) 

And  is\CG  =  )    '\^^^ (227)=/,ACX/AG+J,ACXJ,AG-f-R.(II.46) 

Therefore  /,bc  x  s\\c  —— — xi\  a  cxi\  ag  +  -^ —  x  j,ac  X  f>AG. 

_,       ^      rxAbc — s\ABy.s\AC      ,  5\ab'X.sac 

Thjereforq — xsjAC— _ Xj,ag. 

R  R 

_,  R  X/,BC— /,AB  X5\aC  /S^AG    .__         .     ,         N^AG 

Then ^ ■ — ■ .=  I   X :  II.  167)  =:  ]  

SjAUKS^CA  \S  yAG  ^  -^ '        J       K 

„                    A  A               ,         ,     A     ,^AG       /j\a                    V'»a      ;,  ABXR 
But/,AG  = X/.ABfni).  And =  [  X/,ABr:  ) X — ; . 

(187) 

^.,        5\a    J,  ah       RX/,BC — /.ABXi'jAC    .       ,5\a       Ry5\BC /,ACX5\aB 

ihcn— -X- — ■■  -  ■■ — —.And       =; — ■- '• » 

R      i,AIi  f,ABXi,AC  R  .fjACXJjAB 

/a  X5,AC  X  J,A^ 

240.   Hence  R  X^,BC:=; — ^ -f-i  jAC  X  J  ,ABi 

R 

2.11.   The  verfcd  fine  of  an  angle,  is  to  the  fquare  of  Radius  : 

As  the  difF.of  the  vcrfed  fines  of  op.  fide,  and  dift'.  of  including  fides. 
To  the  produdl  of  the  fines  of  the  fides  including  that  angle. 

For  (239' ■ =  (—  =  )  — — 1_, 

'J'heiefore  rr  x  i  ,  nc  — R  X  i\  ac  X  i\  ab  =  R  x  >',  ac  x  .«,  ab  —  j,  ac  x  -J,  A« 

-AV,A. 


Therefore  ji  r  x  /,  nc  -f-  .<•,  a  c  x  53  a.b  x  %\  a  =  A  a  c  x  i ,  a  b  +  x,  a  c  a  ^ ,  a  c  x  r  . 

:;z/,,Vc— a'bxrr.  (216) 

'J  hen  j,ac  XJjAB  X  v,Ar:(RR  x ^CE) — rr  X /,BC=rJj"jC j— o',bc  Xrr. 

,       ,   T-,  \        //,CD  — /,!-r.        \t;,CB  — T',CD 

And -(  — —   -  ]    . .  f2lQl 

242.  Hcnca 
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^yry    Hence  -^—-^ ^ Oriz;,A=— ,wnenRr:i« 

PR 

For(;,ACXX,ABr:)lRX'y,CE— 'y,CD(222)='I^,CB— l/jCDX— .      (241) 
^^        t>,CB'-1),CD_/|RX'Z;,A__\  ^,A 

"  ^,CE— 'y,CD~V      RR     ""/  2R* 

J143.  The  verfed  fine  of  the  fup.  of  an  angle,  is  to  the  fquare  of  Radius  ; 
As  the  difF.  of  the  verfed  fines  of  the  oppofite  fide,  and  fum  of  the 

including  fides, 
To  the  produa  of  the  fines  of  the  fides  including  that  angle. 

_,        ,          ,  RX/,BC— 5\aCXAaB  __  fs\A_\  ^>,  A— R 
^O'^C^SQ)  ,,ACXi,AB  "-\k-J  R       • 

Therefore  rrxAbc—rx/,acx/,ab=:5,acx J, abx^\a—rx/,acxj,ab. 

Therefore  rr  x  i\BC— j, ac  X  j, ab  x  'y\A  =  R  X  /,ac  x  j\ ab— y,AC  x  x, ab 

=:(rrX5\ac+ab  =  )rRX/,ce.  (216} 

Then  rrx^'jEC — rr  x/,ce=JjACXj,abxv,a. 

J  ^'■>A_    /s\bC — ACE_'\   t;,CE — y,BC 
"       R^~"   VJ,  ACXJ,Ab"~/     i,ACXJ,AB* 

24.4..  Hence  — ^  =:-^ —    Or  {  v ,Az=i >   when  R  =: i , 


RR 


For  (y,  AC  X ^,  ABn )iR  X  ^',C£ — v,cd  (222)  zri/^CE — i/jCB  X  7^ — *  (^43) 

_,       'y,CE — 'y,CR        /fRX^'^A      \  'y\A 
Then  ■ =  ( ■= —  1 . 

l',CE  — V,CD  \         RR  /     2R 

245.  The  fquare  of  the  fine  of  half  an  angle,  is  to  the  fquare  of  the  Ra- 
dius ; 
As  i  Radius  into  the  diff.  of  the  verfed  fines  of  the  fide  oppofite, 

and  diff.  of  the  fides  including  that  angle. 
To  the  produft  of  the  fines  of  the  fides  including  that  angle. 

for  (z;,A  =  )— ^=—  (222)  = ^XRR.  ('^40 

^     '                i'<-                            J,ACXi,AB  ^  ' 

^,  JJ,vA       'y,CR 7;,CD  /,CD s\  U        ,  .  . 

Then— =-^ ~-~y\^-- — x  I-r.  (219) 

KR  /,ACXyjAJi       -  ijACX^jAB 


246.  Hence 
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,46.Henc.i^=i£^|^^  (.8.) 

^T,|CB  +  AC-HBXX,ICB-AC-HAB  ^^^^^^^^  CD  =  AC-AB 
f,ACAJ,AB 


Putting  2H=:ac  +  ab  +  bc. 


J,ACX/,AB 

2^7.  The  fqu.  of  the  co-fine  of  half  an  angle,  is  to  the  fqu.  of  Radius  ; 
As  i  Radius  into  the  difF.  of  verfed  lines  of  the  fide  oppofite,  and 

fum  of  the  included  fides, 
To  the  produdl  of  the  fines  of  the  fides  including  that  angle. 

_#,,         .fV,^A      -yjCE — ^CB       ,  /,CB — s\cE       ^  -  , 

Then~-^^=:   '       ^  X|R  =  — ^— xfR.  (liq) 

RR  J,ACXi,AB       *  ^,ACXJ,AB  \       7/ 

^8.  Henceii#='-:JH±Hliii£l^-  (.77) 

^^  RR  J,ACX5,AB 

^J,|aC4-AB  +  CB  X  X,|aC4-AB— CB^ 
""  .JjA( 

J,H  X  5,H— CB 


.  •'   For  ce=:ac  +  ab. 

J,ACXi,AB 


J, AC  X^,AB* 


Putting  2H  =  AC  +  AB  +  BC. 


249.  The  fquare  of  the  tan.  of  half  an  angle,  is  to  the  fquareof  Radius* 
As  the  diff.  of  ver.  fines  of  the  fide  op.  and  difF.  of  including  fides. 
To  the  difF.  of  ver.  fines  of  the  fide  op.  and  fum  of  including  fides. 

t;,  A      ss,l-A  it.lA.  'y,CB — 'z;,cd 

^'"'7:1=77^:^  (^^^)=Tr  (^^3)=^,cE-^.cB-        C241, 243) 

250.  Hence  -~- — ■  ^  "  (219,  j8i) 

_.r,f!Jb+.V(J— AH  XJ,|c|<— AC  +  AB 
i; i-v^i.  +  AC  +  AB  X  ^jiAC  +  AC—Cli 


■f,3-)— Ai;  X  J,H — AC 
J,H  Xj,H— BO 


From  the  articles  in  the  three  laft  pages  may  be  deduced  many  rules 
for  folving  the  problem,  where  the  three  fides  arc  given  to  find  an  angle  ; 
and  theace,  from  tlic  three  angles  given  to  fir.J  a  fide. 


^i.  When 
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251.  When  two  fides  and  the  included  angle  are  given  to  find  the 
third  fide  :  Or  when  the  three  fides  are  given  to  find  an  angle  ;  Tor  thefe 
particular  cafes  there  have  been  given  compendiunis  by  Sir  Jonas  Moore, 
in  his  Mathematics,  Vol.  II.  page  383  :  Alfo  by  Nicholas  Facio  Duillier, 
in  a  fmall  tract  of  his,  which  is  very  fcarce  j  and  by  the  learned  Dr.  Pem- 
berton,  in  the  Philofophical  TranfacStions  for  the  year  1 760  :  The  prin- 
ciple employed  by  each  of  them  is  the  fame  as  in  Article  245  j  which  will 
be  here  illuftrated  on  account  of  its  utility  in  fome  aftronomical  fubjedts. 

In  the  triangle  abc,  where  cd=:ac  «  ab. 

Given  AB,  AC,  Z.A;  required  bc.  ^^'^'aV 

^_  W,iZ.A       f/,CBc«Ij\€D  ,  -  /^  \ 

And ^^ =iAcB  cc  if  ,cD=N  X^M 

Then  2K— j\cd=:5\cb.  \j 

Hence  the  following  practical  Rules.  *^  ' 

a 5 2.  I.  To  twice  the  log.  fine  of  half  the  gh en  angle^ 
Add  the  log.  fines  of  the  two  containing  fides  ; 

The  f urn  J  abating  three  radii  in  the  index  ^  leaves  the  log.  fine  of  an  arc. 
From  tzuice  the  nat.  fine  of  that  arc  ;  take  the  nat.  co-fine  of  the  diff.  of  tht 
given  fides., 

Leaves  the  nat.  co-fine  of  the  third  fide  .^  or  of  its  fupplement. 

253.11.  But  the  fide  required  may  be  found  without  the  ufe  of  natural 
fines.     Thus 

To  twice  the  log.  fine  of  half  the  given  angle^ 
Add  the  log.  fines  of  the  two  containing  fides  ; 

From  half  the  f urn  of  thefe  logSy  fuhtracl  the  log.  fine  cf  half  the  diff",  if 
the  fides. 

And  the  remainder  is  the  log.  tangent  of  an  arc ; 

The  log.  fine  of  which  arc,  juhtr act ed  from  the  f  lid  half  fum  of  logs y 

Leaves  the  log.  fine  cf  half  the  required  fide. 

Take  the  Example  ufcd  in  the  fix  cafes  of  oblique  fplievic  trianglcSt 

Where  ac  — 83''  11',  ABrzsG"'  40';    Z.A  — 125°  20'. 

Required  bc,  which  was  there  found  to  be  114  30. 

Given  z.  rr    125"    zo' 

•     .  ,r  "7 -  Log.  finel9'94^^-^ 

Its  half         rr     62    40  ^  1 9.9485s 

One  fide       rr     83     1 1  »■       ■  —  — —       Log.  fine     9,99602 

ether  fide     rz     56    40  ■-  —  Log.  fine     9,9zj94 

Are  found    =     ^o    53}  its  nat.  fine  65467   (256)  9,81602 

its  double        1 30934 
diiT.  fides      ~     26    30  the  nat.  co-finc       89480 

65    30  the  nat.  CO  fin:       41454     [^S7) 


The  fide  required  1 1+    30 
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The  faid  Example  wrought  by  the  fecond  Rule  is  as  follows  j 
Given  Z.     =  i«S  ^o 

Idg.  fine  J  9.94858 

log.  fine    9,99692 
log.  fine    9,92194 

39,81602 


its  half 

One  fide       = 

Other  fide    = 

62  40 
83  11 
56  40 

Sam  logs      = 

half  fum 

i  difF.  fides  = 

>3  »sf 

Arc              = 

74  »o 

19,90801  half  fum  logj  19,90801 

9»3^°48 
log.  tan.  10,54753  Log.  fine     74  10    9,98326 
Log.  fine  of  57   15     9,92^81 
The  reqdired  fid«  =:   114  30 
When  the  three  fides  are  given  to  find  an  angle  ; 
254*  L  To  the  nat  co-f.  of  the  fide  oppofite  the  required  angle^  add  the  nat.  th-f. 
cfthe  diff.  of  the  fides  about  that  angle ;  half  the  fum  is  the  nat.  fine  of  an  arc. 
jTo  the  Tog.  fine  of  that  arc,  add  the  arith.  comps.  of  the  log.  fines  of  the  fidei 
about  the  required  angle  and  alfo  the  radius. 
The  half  of  this  fum  is  the  log.  fine  of  half  the  angle  fought. 
Or  without  ufing  the  natural  fines. 
255.  II.  To  the  log.  fine  of  half  the  diff.  of  the  fides  about  the  angle^  add  the 
arith.  comp.  of  the  log.  fine  of  half  the  bafe  ;  the  fum  is  the  log.  fine  of  an  arc. 
To  the  log.  co-fine  of  this  arc,  add  the  log.  fine  of  half  the  bafe  ;  rejeSi  ra- 
dius from  the  fiim^  and  to  the  double  of  what  will  then  remain  add  thg 
arith.  comps.  of  the  log.  fines  of  the  containing  fides. 
Half  the  fum  is  the  log.  fine  of  half  the  angle. 
Exam.  Let  the  three  fides  be  bc  =  1 14°  30',  ac  =80'  1 1',  ab =56"  40'. 
Required  the  angle  a. 

By  L  Rule 
Bafe  BC  =  II 4°  30* 

Its  fupl.  63  30  nat.  co-fine  z=.  4x469     (25?) 

DifF.  fides      26  3  i  nat.  co-f.      =  89480 

Sum  130949  Rad.     io,ocdoo 

Half  fum  is  the  nat.  fine.  (217)         65474  arc  40°  54'  log.  fine      9,81607 

Ar.  CO.  log.  fine  83    11  0,00308 

Ar.  CO.  log.  fine  56    40  0,07806 

19,89-21 
Half  the  angle  fought  62*   40'  log.  fine     9,9^860 
By  II.  Rule- 
-|oc    =  13"  152' Log.  fine         9,36048 

|bc    =  57    15     Ar.Co.L.fin.  0,07^18     log,  fine  9,92482 

Log. fine  15    49V  an  arc  9,43560     leg.  co-f.  15°  49I'  9,98322 

9,90804 

z 


19,81668 
Ar.  Co.  Log.  fine  ac  —  — —  —         0,00308 

Ar.  Co.  Log.  fine  ab  — —  —  —  0,07806 

Sum  —  ■  '  —  19,89722 

Half  fum  13  Log.  fine  of    62°  40'  9,94^01 

Aogle  fought  is  \i^    zoz:.l.h. 
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As  the  natural  fines  of  arcs  are  not  contained  in  this  work,  and  are 
on  fome  occafions  neceflary,  it  will  be  proper  to  fhew  how  they  may  be 
found  from  the  Logarithmic  tables  contained  herein. 

256.  Firji.  An  arc  being  given.,  to  find  its  natural  fine  to  five  places  of  figures. 
Rule.  Take  out  the  Log.  fine  of  the  arc,  rejecting  the  Index; 

Seek  thefe  figures  among  the  logarithms  of  numbers ; 

The  correfponding  number  is  the  natural  fine  of  the  given  arc  j 

which  is  to  be  reckoned  as  a  decimal  fraction  of  the  radius,  or 

unity  : 

Prefixing  the  decimal  comma  (,)  if  the  index  of  the  log.  fine  was  9  ; 

But  if  the  index  was  8  ;  7  ;  or  6 ;  prefix  ,0 ;  ,00  ;  or  ,000 ;  by 

which  means  the  left  hand  digit  of  the  natural  fine  will  ftand  in  the 

place  of  the  firfts,  feconds,  thirds,  or  fourths.  (L  18) 

Ex.  I.  Required  the  natural  fine  and  co-fme  ofi^  ll'  ? 
Log,  fines  fine  '8,88 i6i  Co-linc  9,99874 

Num.  or  nat.  fines        0,07614  0,99710 

Ex.   II.  Required  the  natural  fine  and  co-fme  of  iZ"^  'i^^' ? 
Log.  fines  fine  9,67982  Co-fine  9.94355 

Num.  or  nat.  fines        0,47844  0,87812 

If  a  given  log.  fine  is  found  in  the  table  of  logs,  of  numbers,  its  na- 
tural number  confifl:ing  of  four  places  is  feen  at  fight;  and  its  right  hand 
place  is  o  when  the  index  of  the  log.  fine  was  9. 

But  if  a  given  log.  fine  is  not  found  to  every  figure  in  the  tables  of 
log.  numbers,  its  5th,  or  right-hand  place  is  thus  found. 

Take  the  difF.  between  the  log.  num.  next  greater  and  lefs,  than  the 
given  log.  fine ;  and  alfo  the  difF.  between  the  given  log.  fine  and  its 
next  lefs  log.  numb. 

Then,  As  ifl  difF.  is  to  2d  difF.  fo  is  10,  to  the  digit  for  the  right 
hand  place. 
Thus  to  4"  22',  the  nat.  fine  is  0,07614  ;  and  co-fine  is  0,99710. 
But  to  28^^  35',  the  log.  fine  and  co-f.  does  not  appear  exactly  among 
the  log.  numb. 

And  the  above-mentioned  two  difFerences,  for  fine,  arc  9  and  3  ;  for 
co-f.  arc  5  and  i. 
Then  9  :  3  :  :  10  :  3,  the  5th  place.  And  5  :  i  :  :  10  :  2,  the  5th  place. 

257.  On  the  contrary.  A  natural  fine  being  given,  its  correfponding  arc  may 
be  thus  found. 

In  the  tables  of  num.  and  logs,  enter  with  the  natural  fine  as  a  num. 
and  take  out  its  log. 

Seek  this  log.  in  the  table  of  log.  fines,  and  the  correfponding  de- 
grees and  minutes  fhew  the  arc  required. 

Prefixing  the  index  9,   8,  7,  6  ;  according  as  the  left  hand  digit 
fi^ood  in  the  place  of  firfls,  feconds,  thirds,  or  fourths. 
What  has  been  faid  of  the  nat.  and  log.  fines  of  arcs,  Is  alfo  appli- 
cable to  the  nat.  and  log.  tangents  of  arcs. 

END    OF    BOOK    IV. 
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OF      ASTRONOMY. 


SECTION      I. 

Of  Solar    AJlrG7207?iy, 


I,  A  STRONOMY  is  a  fcicncc  which  treats  of  the  motions 
/~\_  and  diihinccs  of  the  heavenly  bodies,  and  of  the  appearances 
thence  ariftiig. 

There  iiave  been  great  variety  of  opinions  among  the  philofophers  of 
preceding  ages  concerning  the  fitiiation  of  tlie  great  bodies  in  the  univerfe, 
or  of  the  pofitions  of  the  bodies  which  appear  in  the  heavens:  But  the 
notion  now  eniiirpxcd  by  the  moft  judicious  Aftronomcrs  is,  that  the  uni- 
vcrlc  is  compolcd  of  an  infinite  number  of  fyflerns,  or  worlds  ;  in  every 
fyftjm  there  are  certain  bodies  moving  in  free  fpace,  and  revolving  atdif- 
icrcnt  diflances  around  a  Sun,  placed  in,  or  near,  the  center  of  the 
fyfix-m  ;  and  thr.t  \\\^i>i  fims  and  other  hodiei  arc  the  ftars  which  arc  fccn  in 
the  heavens. 

2..  The  Solar  Systf.m,  fo  called  by  Aftronomcrs,  is  that  in  which 
our  Karth  is  placed  ;  and  in  which  the  Sun  is  fuppofed  to  be  fixed  in  or 
near  the  center,  with  fcveral  bodies  fimilar  to  our  Earth  revolving  round 
him  at  diftlrcnt  diflance.s.  This  fiypothefis,  which  is  confirmed  by  all 
the  obfervations  hitherto  made,   i>   tailed   tiie   C'vi'£R;viCAN    SystK;/I, 
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from  Nicholas  Copernicus^  a  Polifh  Philofopher,  who  about  the  year  1500 

revived  this  notion  from  the  oblivion  it  had  been  buried  in  for  many  ages. 

Stars  arc  diflinguifhed  into  two  kinds,  namely, yf,r<r^/  and  ivaudering. 

3.  The  Fixed  Stars  are  the  funs,  in  the  centers  of  their  fyftems, 
fliining  by  their  own  light ;  and  are  obferved  to  prcfcrve  always  the  fame 
fituation  in  rcfpc6t  to  one  another. 

4.  The  fixed  ftars  appear  of  various  fixes,  which  is  doubtlcfs  occa- 
fioned  by  their  different  diftances  ;  thefe  fizes  arc  ufually  diftinguiihcd  into 
fix  or  feven  clafles,  called  Magnitudes  :  The  largeft,  or  brighteft,  are  fajd 
to  be  of  the  first  magnitude;  thofe  in  the  next  clafs  or  degree  of 
brightnefs,  are  called  of  the  second  magnitude;  and  fo  on  to  the 
leaft,  or  thofe  juft  difcernible  to  the  naked  eye.  But  befides  thefe,  there 
is  fcattered  throughout  the  heavens  a  great  number  of  other  ftars,  called 
Telescopic  Stars,  becaufe  they  cannot  be  feen  except  through  a  tele- 
fcopc.  And  indeed,  it  is  to  the  afliftance  of  that  mod  admirable  inftrument, 
that  a  great  part  of  the  modern  Aftronomy  owes  its  rife  ;  which  will  un- 
doubtedly tranfmit  with  the  greateft  honour  to  the  lateft  pofterity  the  name 
of  Galileo,  among  whofe  many  inventiojis  the  telefcope  is  ranked, 

5.  Although  the  vifible  fixed  ftars  are  probably  at  very  unequal  dif- 
tances  from  the  center  oi  t\\&  folar  fyjiem^  yet  Aftronomcrs,  for  their  eafe 
in  computation,  confider  them  as  equally  diftant  from  our  Sun,  forming 
the  furface  of  a  fphere  which  inclofes  our  fyftem,  and  is  called  the  Ce- 
lestial Sphere.  This  fuppofition,  with  regard  to  the  Solar  Syftem, 
may  be  ftri6lly  admitted,  confidering  the  immenfe  diftance  even  of  the 
ncareft  fixed  ftars  from  the  center  of  the  fyftem. 

6.  A  Constellation  is  a  number  of  ftars  lying  in  the  neighbourhood 
of  one  another  on  the  furface  of  the  celejlial  fphere^  which  Aftronomers, 
for  the  fake  of  remembering  them  with  greater  eafe,  fuppofe  to  be  circum- 
fcribed  by  the  outlines  of  fome  animal,  or  other  figure :  by  this  means  the 
motions  of  the  wandering  ftars  are  more  readily  defcribed  and  compared^ 

The  number  of  thefe  conftellations  is  80,  each  containing  feveral  ftars 
of  different  magnitudes.  The  number  of  ftars  of  each  magnitude,  and 
alfo  the  conftellation  in  which  they  are  ranged,  are  contained  in  the  fol- 
lowing table  ;  where  it  may  be  obferved,  that  the  conftellations  arediftin- 
guifhed  under  three  heads ;  namely,  in  the  zodiac,  and  in  the  northern, 
and  fouthern  hemifpheres. 

7.  Constellations    in    the    Zodiac. 


Names. 
[Northern. 

2 

J. 

2: 

s 
3 
a- 
n 

Magnitudes. 

Names. 
Southern. 

2 

77 

z 

3 

cr 

Magnitudes. 

I 

n 

111 

IV 

7 

V 

VI 

1 

2 

I 

IV 

8 

v(vi 

1 
319 

Aries. 

r 

46 

0 

I 

I 

S 

36 

Libra. 

jy 

33 

c 

Taurus. 

» 

109 

I 

I 

3 

9 

24 

71 

Scorpio. 

'>l 

44 

1 

3 

6 

M 

5»5 

Gemini. 

n 

9+ 

I 

2 

4 

^ 

>3 

66 

Sagittarius. 

} 

48 

0 

I 

5 

9 

I  Ij22 

Cancer. 

S) 

7^ 

c 

0 

0 

6 

8 

61 

Capricornus. 

vs 

5« 

0 

0 

2 

5 

942 

Leo. 

£l|  91 

2 

2 

6 

'3 

1 1 

57 

Aquarius. 

A%^ 

9} 

0 

c 

4 

7 

2^54 

V  irgo. 

'%.  93 

] 

0 

5 

1 1 

345^ 

Pi  fees. 

K 

1 10 

0 

0 

I 

7 

2074 

S.  Northern 
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8. 


No-RTHERN    Constellations. 


Names. 

2; 

c 
3 

M 

agnitudes. 

Names. 

Z 

c 
3 

Magnitudes. 

I 
0 

11 

2 

Ill 



I 

IV 

4 

V 

•5 

VI ! 
2i 

I 

" 

III 
0 

IV 

V. 

VI 
II 

Little  Bear. 

12 

Camelopardalus. 

23 

c 

0 

Great  Bear. 

lo<; 

0 

S 

S 

16 

3c 

49' 

Serpent. 

5c 

c 

I 

7 

6 

S 

31 

Dragon. 

49 

0 

I 

7 

X 

IC 

-"?  i 

Serpentarius. 

67 

0 

I 

6 

12 

17 

31 

Cepheus. 

4c 

0 

0 

•^ 

7 

10 

20: 

Sobieiki's  Shield. 

« 

c 

0 

0 

2 

3 

3 

Greyhounds. 

24 

0 

0 

0 

I 

7 

16: 

Eagle. 

29 

I 

0 

5 

I 

/I 

18 

Bootes. 

S^ 

I 

c 

7 

10 

12 

^■\ 

Antinous. 

34 

c 

0 

S 

2 

7 

20 

Mons  Maenalus. 

1 1 

0 

0 

0 

I 

c 

10 

Dolphin. 

18 

c 

0 

6 

c 

2 

10 

Berenice's  Hair. 

24 

c 

0 

0 

6 

J 

10 1 

Colt. 

12 

0 

0 

0 

4 

I 

7 

Charles's  Heart. 

5 

0 

I 

0 

0 

c 

2  i 

Arrow. 

13 

0 

0 

0 

^ 

I 

8 

Northern  Crown. 

II 

0 

I 

c 

6 

I  i 

Andromeda. 

66 

0 

3 

2 

IC 

16 

3'; 

Hercules. 

92 

0 

0 

12 

12 

28 

40 

Perfeus. 

67 

1 

1 

1 

IC 

14 

36 

Cerberus. 

9 

0 

0 

0 

1 

I 

<; 

Pegafiis. 

81 

0 

3 

4 

9 

II 

H 

Harp. 

24 

I 

0 

'. 

8 

10 

Auriga. 

46 

I 

I 

I 

9 

9 

25 

Swan. 

7-? 

0 

I 

S 

'S 

20 

12 

Lynx. 

SS 

c 

0 

I 

!^. 

21 

25 

Fox. 

2q 

0 

0 

0 

6 

II 

12 

Little  Lion. 

20 

c 

c 

I 

6 

s 

8 

Goofe. 

10 

0 

0 

0 

0 

2 

g 

Great  Triangle. 

IC 

c 

c 

0 

I 

6 

Lizarcf. 

12 

0 

0 

c 

^ 

S 

4 

Little  Triangle. 

< 

c 

0 

0 

c 

0 

S 

Cairiopea. 

5^ 

0 

0 

5 

7 

7 

33   iMufca. 

6 

c 

0 

I 

- 

2 

I 

Southern    Constellations. 


Names. 

Z 

Magnitudes. 

Names. 

Z 

c 

Magnitudes. 

5 

d 

*- 

I 

II 

III 

IV     V 

VI 

p- 

1 

II 

III 

IV 

V 

VI 

Whale. 

Sc 

0 

2 

8 

i3'io 

47 

Peacock. 

14 

0 

I 

3 

S 

4 

I 

Eridanus. 

72 

I 

0 

10 

2419 

18 

Southern  Crown. 

12 

0 

0 

0 

I 

3 

8 

Phenix. 

n 

0 

1 

-J 

S    0 

2 

Crane. 

14 

0 

2 

I 

2 

9 

0 

American  Goofe. 

9 

0 

c 

4 

H  3 

0 

Southern  Fifh. 

'S 

I 

0 

2 

9 

2 

I 

Orion. 

93 

2 

4 

3 

i9»5 

50 

Hare. 

=  ■) 

0 

0 

4 

9 

4 

8 

Moiioceros. 

0 

t 

I 

10  10 

II 

Noah's  Dove. 

10 

0 

2 

0 

I 

6 

0 

Little  Dog. 

J4 

I 

0 

I 

o|  2 

10 

Charles's  Oak. 

M 

0 

I 

2 

6 

4 

0 

Hydra. 

53 

0 

1 

3 

14,13 

22 

Ship  Argo. 

48 

I 

6 

II 

'3 

14 

^ 

Sextans  Uraniae. 

4 

0 

c 

0 

0    0 

4 

Great  Dog. 

29 

I 

S 

1 

^ 

10 

8 

Cup. 

1 1 

0 

0 

0 

i  "■ 

I 

Bee. 

4 

0 

0 

0 

2 

0 

Crow. 

i 

0 

0 

2 

2I  2 

a 

Swallow. 

1 1 

0 

'0 

0 

4 

3 

4 

Cent;<ur. 

3f 

2 

6 

6 

'4 

8 

0 

Indus. 

12 

0 

0 

0 

4 

6 

2 

Wolf. 

36 

0 

c 

3 

6 

.8 

9 

Charhelion. 

10 

0 

i  0 

0 

<) 

t 

Altar. 

(. 

0 

0 

I 

6 

I 

1 

Flying  Fifh. 

7 

0 

0 

0 

c 

t 

I 

Southern  Triangle. 

5 

0 

I 

2]  0 

2 

0 

'  Sword  Fifh. 

7 

0 

0 

2 

2 

! 

2 

Conftellations  in  the  s^diac   12,  contain 
Northern  conftellations  36,  contain 

Southern  condellations  32,  contain 

Number  of  ftars  in  the  80  conftellations 


Stars 

1 

II 

III 

IV 

V 

VI 

S94 

6 

12 

S'^ 

100  169 

569 

243 

5 

21 

92 

200291 

t>34 

706 

9 

32 

7> 

I«5;lS8 

217 

Z843 

20 

65 

205 

48,-6+8 

1420 

As  thcfe  flars  are  found  not  to  alter  their  fituation  in  rcfpe^l  to  one 
another,  they  ferve  Allronomers  as  fixed  points,  by  which  the  motions  of 
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other  bodies  may  be  compared  ;  and  therefore  their  relative  pofitlons 
have  been  fought  after  with  great  care  for  many  ages,  and  datalogues  of 
their  places  have  from  time  to  time  been  pubHfhcd  by  thofe,  who  have 
been  at  the  pains  to  make  the  obfervations.  Among  thefc  catalogues, 
the  moft  copious,  and,  as  generally  cfteemed,  the  bclT,  is  that  called  the 
Hiftoria  Celeji'n  of  our  countryman  Flamstf.ed.  v 

10.  The  pofitions  of  the  ftars  being  obtained,  their  relative  places 
may  be  delineated  on  a  fphere  or  plane  ;  and  thus  are  the  maps  or  charts 
of  the  heavens  made,  and  the  conftellations  drawn  Inclofing  their  re- 
fped>ive  ftars.  There  are  two  maps,  ufually  called  Celeftial  heniifpheres, 
which  are  prefixed  to  this  book  ;  by  the  help  of  which  a  perfon  may 
readily  become  acquainted  with  the  pofitions  and  names  of  fome  of  the 
principal  fixcd^  liars,  thus  : 

On  a  clear  night,  let  rhefe  prints  be  laid  fo  as  to  correfpond  to  the 
north  and  fouth  parts  of  the  heavens  ;  then  the  obferver  looking  on  the 
ftars,  and  then  on  the  hcmifphcres,  will  with  a  little  practice  know 
fome  of  the  liars  in  the  heavens,  the  like  pofitions  and  names  of  which 
he  has  obfervcd  on  the  prints. 

11.  The  Wandering  Stars  are  thofc  bodies  within  our  fyftem, 
or  celeftial  fphere,  which  revolve' round  the  Sun;  they  appear  luminous 
or  bright,  only  by  reflodling  the  light  they  receive  from  the  Sun  ;  and  are 
of  three  kinds,  x\zxx\€^\'^  primary  planets^  fecondary  planets^  and  comets. 

12.  The  Primary  Planets  are  tiiofc  bodies,  which  in  revolving 
round  the  Sun  refpecft  him  only  as  the  center  of  their  courfes  ;  the  mo- 
tions of  which  are  regularly  performed  in  tracks,  or  paths,  that  are  found 
by  obfervr:tions  to  be  nearly  circular  and  concentric  to  one  another. 

13.  A  Secondary  Planet,  commonly  called  a  Satellite  or 
Moon,  is  a  body,  which,  while  it  is  carried  round  the  Sun,  does  alfo  re- 
volve round  a  primary  planet,  which  it  refpects  as  its  center. 

14.  CoAiETS,  vulgarly  called  blazing  Jiars^  are  bodies  which  alfo 
revolve  round  the  Sun  ;  probably  in  as  regular  order  as  the  planets, 
but  in  much  longer  periods  of  time,  from  what  is  hitherto  known  of 
them.  They  are  in  number  many  more  than  all  the  planets,  and  their 
tracks  or  courfes  pafs  among  the  paths  of  the  planets  in  a  great  variety 
of  directions. 

15.  The  Orbit  of  a  planet  or  comet  Is  that  track  or  path  along 
which  it  moves. 

There  are  fix  prbnary  pla?if.ts;  and  reckoned  in  order  from  the  Sun, 
their  names  and  ni?rks  are,  Mercury  5,  Vfir^'s  ?,  the  Earth  J 
or  ©,  Mars  rf,  Jupiter  ^i,  Saturn  b. 

Mars,  Jtjpiter^  and  Sciturn,  arc  called  Superior  Planets,  ns  their 
orbits  include  that  of  the  Earth:  but  Venus  and  Mercury,  the  orbits  of 
which  are  contained  v/ithin  the  Earth's,  are  called  Inferior  Planets. 

16.  It  has  been  dii'covcred  by  the  help  of  telcfcopes,  that  there  are  ten 
feandary  planets;   the   Earth  being  attended  by  one,  called  the  Moon, 

Jupiter  by  four,  and  Saturn  by  live. 

Saturn  is  alfo  obfcrved  to  have  a  kind  of  circle,  called  his  Ring, 
v.'hich  furrounds  the  plaiict  at  fome  ciflajice  from  his  furfacc  :  and  Ju- 
piter h?.:  certain  appearances,  which  fecrn  like  zone«  or  girdles  round 
him  3  and  thsl's  are  called  Jupiter's  Belt^. 

Every 
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Every  primary  planet  is  fuppofed  to  have  two  motions^  namely,  annual 
and  diurnal. 

17.  The  Annual  Motion  of  a  planet  is  that  whereby  the  planet  r; 
carried  in  its  orbit  round  the  Sun  j  which  in  every  one  is  found  by  obfer-' 
vation  to  be  from  weft  to  eaft. 

This  motion  is  difcovered  by  the  planets  changing  their  places  in  the 
celeftial  fphere  ;  upon  the  furface  of  which  they  appear  to  move  am  jn-jj 
the  fixed  ftars  ;  and  in  certain  times  to  return  to  the  fame  ftars  from  whica 
they  were  feen  to  depart ;  and  fo  on  continually. 

18.  The  Diurnal  Motion  of  a  planet  is  that  by  which  it  turns  or 
^pins  about  its  axis,  and  is  alfo  from  weft  to  eaft. 

This  motion  is  difcovered  by  the  fpots  that  are  feen  by  telefcopes  on  the 
furfaces  of  the  planets.  The  fpots  appear  firft  on  the  eaftern  margin,  or 
fide  of  the  planet,  and  gradually  move  from  thence  acrofs  it,  till  they  dif- 
appear  on  the  weftern  fide,  or  limb ;  after  a  certain  time  they  appear 
again  on  the  eaftern  fide,  and  fo  on. 

19.  Each  planet  is  obferved  always  to  pafs  through  the  conftellations 
yiries,  Taurus^  Gemini^  Cancer^  Leo,  Virgo,  Libra,  Scorpio,  Sagittarius, 
Capricornus,  Aquarius,  Pifces ;  and  it  alfo  appears,  that  every  one  has  a 
track  peculiar  to  itfelf ;  hence  the  paths  of  the  fix  planets  form  among  the 
ftars  a  kind  of  road,  which  is  called  the  Zodiac,  the  middle  path  of 
which,  called  the  Ecliptic,  is  the  orbit  defcribed  by  the  Earth,  \^itli 
which  the  orbits  of  the  other  planets  are  compared. 

As  the  ecliptic  runs  through  twelve  conftellations,  it  is  fuppofed  to  be 
divided  into  twelve  equal  parts,  of  30  degrees  each,  called  figns,  having 
the  fame  names  with  the  twelve  conftellations  which  they  run  through. 

20.  I'he  Equinoctial  Points  are  thofe  two  points  of  the  Ecliptic, 
oppofiteto  one  another,  through  which  the  Eaith  padesin  its  annual  mo- 
tion, when  the  length  of  the  day  and  night  is  equal  in  all  parts  on  the  Earth. 
Oncof  thefc  points,  called  the  Vernal  Equinox,  anfwers  nearly  to  the 
2orh  of  March  ;  and  the  other,  called  the  Autumnal  Equinox,  nearly 
to  the  22d  of  September. 

21.  'i'he  Plane  of  the  Ecliptic  is  fuppofed  to  divide  the  celeftial  fphcrj 
into  two  equal  parts,  called  the  noytlern  Siml  fouthtr.'!  celejllal  hcmifphcres  j 
and  any  body  in  cither  of  thefc  iiemilphercs  is  faid  to  have  north  or  fouth 
latitude,  according  to  the  hemifphere  it  is  in:  So  that  the  Latituos 
f)f  a  celeftial  objc(ft  is  its  neareft  diftance  from  the  ecliptic,  taken  on  the 
.'phere. 

The  Planes  of  the  other  five  orbits  are  obferved  to  lie  partly  in  th? 
northern,  and  paitly  in  the  fouthcrn  hemifphere  ;  fo  that  every  one  cuts  xhz 
ecliptic  in  two  oppofitc  poinf;,  called  Nodes.  One  called  the  Ascend- 
ing Node,  marked  thus,  Q^,  is  that  through  which  the  planet  pafics 
when  it  moves  out  of  the  ruiithcrn  into  t'no  northern  hemifphere  ;  and  th; 
other  called  the  DrscENDiNG  Nodi:,  marked  thus,  ^,  is  that  tlirough 
which  the  pLmet  niuit  pafs  in  going  out  of  the  northern  uito  the  fouthcrji 
htiiiilphcre. 

The  right  line  joining  the  two  Nodes  of  any  planet,  is  called  the  Line 
OF  TiiF  Nodes. 

'J  ?..  i'he  names  of  moft  of  the  conftellations  were  given  by  t^e  ancient 
Allronomcrs,  v,'ho  reckoned  that  ftar  in  Aries,  now  maiked  7,  (according 

O  4  to 


aoo  ASTRONOMY.  Book  V. 

to  Bayer's  maps)  to  be  the  firfl:  point  in  the  ecliptic,  this  ftar  being  next 
the  Sun  when  he  entered  the  Vernal  Equinox  ;  and  at  that  time  each  con- 
ilellation  was  in  the  fign  by  which  it  was  called.  But  obfervations  (hew, 
that  the  point  marked  in  the  heavens  by  the  Fernal  Equinox  has  been  con- 
ftantly  going  backward  by  a  fmall  quantity  every  year,  from  which  caufe 
the  flars  appear  to  have  advanced  forward  as  much  ;  i'o  that  the  conftel- 
lation  Jries  is  now  removed  almoft  into  the  fign  Taurus^  the  faid  firft  ftar 
y  having  got  almoft  30  degrees  forwards  from  the  equinox ;  which  dif- 
ference is  called  the  Precession  of  the  Equinoxes,  and  the  yearly 
alteration  is  about  50  feconds  of  a  degree,  or  about  a  degree  in  72  years. 

23.  It  was  faid  in  art.  12,  that  the  planets  revolved  round  the  Sun  i^ 
orbits  nearly  circular  and  concentric  ;  for  the  feveral  phsenomena  arifing 
from  their  motions  fhew  they  are  not  ftridtly  fo  ;  and  the  only  curve  they 
can  move  in,  to  reconcile  all  the  various  appearances,  is  found  to  be  an 
Ellipfis  : .  So  that  the  orbits  of  the  primary  planets  and  comets  are  Ellipfes 
of  different  curvatures,  having  one  common  focus,  in  which  the  Sun  is 
fixed  :  But  every  fecondary  planet  refpedls  the  primary  planet  round  which 
it  revolves,  as  the  focus  of  its  elliptic  motion.  For  as  no  other  fuppofitions 
can  folve  all  the  appearances  that  are  obferved  in  the  motions  of  the  pla- 
nets, and  as  thefe  agree  with  the  ftridteft  phyfical  and  mathematical  reason- 
ing, therefore  they  are  now  received  as  elementary  principles. 

24.  The  line  of  the  nodes  of  every  planet  pafTes  through  the  Sun  :  For 
as  the  motion  of  every  planet  is  in  a  plane  paffing  through  the  Sun,  con- 
fequently  the  interfe(5lions  of  thefe  planes,  that  is,  the  lines  of  the  nodes, 
muft  alfo  pafs  through  the  Sun. 

25.  All  the  planets,  in  their  revolutions,  are  fometimes  nearer  to,  fome- 
times  farther  from  the  Sun  :  This  is  the  confequence  of  the  Sun  not  being 
placed  in  the  center  of  each  orbit,  and  of  their  being  ellipfes. 

26.  The  Aphelion,  or  Superior  Apsis,  is  that  point  of  the  orbit 
where  the  planet  is  fartheft  from  the  Sun.  The  Perihelion,  or  Infe- 
rior Apsis,  is  that  point  where  it  is  neareft  to  the  Sun  :  And  the  tranf- 
verfe  diameter  of  the  orbit,  or  the  line  joining  the  two  apfes,  is  called  the 
Line  of  the  Apses,  or  Aspides. 

27.  The  planets  move  fafter  as  they  approach  the  Sun,  or  come  nearer 
to  the  perihelion,  and  flower  as  they  recede  from  the  Sun,  or  come  nearer 
to  the  aphelion.  This  is  not  only  a  confequence  from  the  nature  of  the 
planets  motions  about  the  Sun,  but  is  confirmed  by  all  good  obferva- 
tions. 

28.  'if  a  right  line  drawn  from  the  Sun  through  any  planet,  ufually 
called  the  Radius  VeS^.or^  is  fuppofed  to  revolve  round  the  Sun  with  the 
planet,  then  this  line  will  defcribe  or  pais  through  every  part  of  the  plane 
of  the  orbit  j  fo  that  the  Radius  Ve^or  may  be  faid  to  defcribe  the  area  of 
the  orbit. 

29.  There  are  two  chief  laivs  obferved  in  the  Solar  Syftem,  which  re- 
gulate the  motions  of  all  the  planets  j  ni  m^^Iy, 

I.  TJje  planets  defcribe  equal  areas  in  equal  times  :  That  is,  in  equal  por- 
tions of  time  the  Radius  VeSior  dei'cribes  equal  areas,  or  portions  of 
the  fpace  contained  within  the  planet's  orbit. 

17.  II.   Thf 
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II.  The  fquares  of  the  periodical  times  of  th^  planets  are  as  the  cubes  of 
their  mean  defiances  from  the  Sun :  That  is,  as  the  fquare  of  the  time 
which  a  planet  a  takes  to  revolve  in  its  orbit,  is  to  the  fquare  of 
the  time  taken  by  any  other  planet  B  to  run  through  its  orbit ;  fo  is 
the  cube  of  the  mean  diftance  of  A  from  the  Sun,  to  the  cube  of  the 
mean  didance  of  b  from  the  Sun. 

'  30.  The  Mean  Distance  of  a  planet  from  the  Sun  is  its  diftance 
from  him,  when  the  planet  is  at  either  extremity  of  the  conjugate  diame- 
ter ;  and  it  is  equal  to  half  the  tranfverfe  diameter. 

31.  The  foregoing  laws  are  the  two  famous  laws  of  Kepler,  a  great 
Aftronomer,  who  flourifhed  in  Germany  about  the  beginning  of  the 
17th  century,  and  who  deduced  them  from  a  multitude  of  obfervations  : 
But  the  firil  who  demonftrated  thefe  laws  was  the  incomparable  Sir 
Isaac  Newton. 

By  the  fecond  law,  the  relative  diftances  of  the  planets  from  the  Sun 
are  known ;  and  were  the  real  diftance  of  any  one  known,  the  abfolute 
diftances  of  all  the  others  would  be  obtained  by  it. 

32.  Every  thing  already  faid  of  the  planets  is  found  in  a  great  mea- 
fure  to  be  applicable  alfo  to  the  comets,  as  well  from  the  obfervations 
that  have  been  made  of  them,  as  from  the  phyfical  and  mathematical  con- 
fiderations  of  their  motions. 

33.  Were  the  motions  of  the  planets  to  be  obferved  from  the  Sun, 
each  of  them  would  be  ever  feen  to  move  the  fame  way,  though  with 
different  velocities  ;  thofe  nearer  to  the  Sun  running  their  courfes  through 
the  Zodiac  in  lefs  time  than  thofe  at  greater  diftances  :  And  hence  it 
would  happen,  that  fome  of  them  overtaking  the  others  would  in  pafling 
by  them  appear  to  be  fometimes  above,  fometimes  below,  and  fometimes 
as  if  they  touched  one  another,  according  to  the  parts  of  the  orbits  in 
which  thofe  planets  happened  to  be  with  refpe6l  to  their  nodes. 

34.  When  two  planets  are  feen  together  in  the  fame  fign  equally 
advanced,  they  are  Hiid  to  be  in  Conjunction  :  But  when  they 
are  in  diredl  oppofite  parts  of  the  Zodiac,  they  are  faid  to  be  in  Oppo- 
sition. 

35.  As  the  planes  of  the  orbits  are  inclined  to  one  another,  therefore 
when  two  planets  happen  to  be  in  conjundtion  at  the  time  they  come 
near  a  node  of  one  of  them,  they  would  be  feen  from  the  Sun  apparently 
to  touch  one  another  ;  and  the  fartheft  of  thofe  planets  from  the  Sun 
would  fee  the  neareft  moving  over  the  face  of  the  Sun  like  a  black  fpot, 
being  then  directly  between  the  Sun  and  the  remoter  planet ;  fo  the  pla- 
net Venus  was  obferved  from  the  Earth  in  the  tranfits  of  the  years  1761 
and  1769.  Alfo,  fliould  an  oppofition  of  two  planets  happen  near  a  node 
of  one  of  them,  the  Sun,  being  then  direiftiy  between  them,  would  hide 
the  light  of  one  from  the  other.  Thefe  obfcurations,  or  interceptions  of 
the  light  of  the  planets  one  from  the  other,  are  called  Eclipses. 

36.  The  place  that  any  planet  appears  to  occupy  in  the  celeftial  fphere, 
when  feen  by  an  obferver  fuppofed  to  be  in  the  Sun,  is  called  its  Helio^ 
centric  place :  And  indeed  all  celtftial  appearances,  as  k^ix  from  the  Sun, 
are  called  Hf/locentric  phanominat 

37.  The 
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37.  The  following  tabic  exhibits  at  once  fome  of  the  moft  niateria| 
conclufions  that  have  been  deduced  from  the  obfcrvations  hitherto 
made,  the  mean  diftance  of  the  Earth  from  the  Sun  being  reckoned 
at  1000.  '   ' 

i^ 
Ta  kle  of  the  Solar  System. 
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38.  By  all  the  obfervations  made  on  the  fecondary  planets,  it  ap- 
pears, 

ift.  That  the  fatellites  revolve  round  their  fiiperior  planets  from  wed: 
to  eaft,  in  curve-lined  orbits  like  ellipfes,  the  primary  planet  being  in  tiie 
focus,  ?nd  one  of  the  orbit's  diameters  diredted  towards  the  Sun. 

2d.  That  the  planrs  of  the  orbits  of  the  fatellites  arc  inclined  to  the 
plane  of  the  orbit  of  their  rc(pe(5live  planet. 

3d.  That,  like  the  primary  planets,  they  defcribe  equal  areas  in  equal 
limes  ;  and  the  fquares  of  the  times  of  their  revolutions  are  as  the  cubes 
of  the  mean  diftanccs  from  their  primary  planet. 

In  every  revolution  of  a  moon  round  its  primary  planet,  there  muft  be 
two  conjun£lions  betv/ixt  the  planet,  moon,  and  Sun:  namely,  once, 
when  the  moon  is  in  that  part  of  its  orbit  neareft  to  the  Sun  ;  and  once, 
v/hcn  in  that  part  of  its  orbit  fartheft  from  the  Sun  :  'And  an  eclipfe 
may  happen  at  cither  conjunction,  according  as  the  moon's  nodes  hap- 
pen to  be  pofited  at  thofe  times.  For  the  plane  of  a  moon's  orbit  is  in- 
clined to  that  of  its  primary,  and  fo  makes  two  nodes  :  And  whenever 
the  S;i:i,  planet,  and  moon  happen  to  be  at  the  fame  time  in  the  line  of 
the  node?,  there  mull:  be  an  eclipfe  ;  which  would  occur  at  every  con- 
junction, but  for  the  mclination  of  the  orbit. 

One  of  the  conjunctions,  namely,  that  made  by  the  moon's  going 
beyond  the  primary,  from  the  Sun,  is  called  the  Superior  Con- 
junction ;  and  the  other,  made  by  the  fatellite  on  the  fide  of  the 
planet  next  the  Sun,  is  called  the  Inferior  Conjunction. 
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The  following  table  fhevvs  the  time  taken  by  each  fatellite  in  its  re- 
volution, And  alfo  its  mean  diftance  from  the  primary  in  femtdiameters 
of  it. 
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16    18      5-i'o 
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and  is  dill,  from  the  Earth  60-5-  femidiameters. 

40. 


Of  the  figure  and  light  of  the  Planets, 


That  the  Sun  and  planets  are  fpherical  bodies  is  evident  from  all  the 
obfervations  that  h'ave  been  made  of  them  ;  and  that  the  Earth  is  of  like 
figure  is  not  only  deduced  by  analogy,  but  fufEciently  confirmed  by  ob- 
servation-*. Now  although  Aflronomcrs  generally  fay  that  the  planets 
are  fpherical,  yet  they  do  not  mean  a  Geometrical  fr^hcrc,  but  a  ngure 
called  an  oblate  fpheroid,  which  is  fomething  like  the  figure  that  a  flexi- 
ble fphere  would  be  formed  into  by  gently  prelling  it  at  its  poles*  Ob- 
fcrvations  have  determined  this  in  Jupiter,  and  it  is  known  that  the  Earth 
is  of  this  figure  both  from  obfervations  and  actual  menfuration. 

That  the  planets  muft  have  this  oblate  figure,  is  evident  from  this 
confidcration  j  that  as  they  are  of  matter,  and  violently  whirled  on  their 
nxcs,  all  the  parts  v/ould  endeavour  to  fly  off,  like  water  from  a  trundled 
mop  ;  thofc  in  the  equator  moving  fwifteft,  have  the  greateil  tenceiicy  to 
depart:  And  although  the  parts  are  retained  in  the  fphere  by  the  fuperior 
force;  of  gravity,  yet  the  equatorial  diameters  will  be  fom.cwhat  increafed, 
and  tht;  jKjlar  lefiencd. 

41.  The  planets  are  all  opake  or  dark  bodies,  and  confequentlv  fliine 
only  by  the  light  they  receive  from  the  Sun  :  This  is  knov/n  by  ob- 
ferving,  that  thofe  bodies  are  not  vifible,  when  they  are  in  fuch  parts  of 
their  orbits  as  are  between  the  Sun  and  Earth,  or  partly  fo.  Now,  as 
all  the  planets  fomctimes  appear  with  a  Itrong  liglit,  therefore  the  rays 
they  receive  from  the  Sun  mull:  convey  to  them  a  degree  t)f  warmth  pro- 
portional in  (ome  meafure  to  their  diltance ;  which  proportio-i  is  recipro- 
cally as  the  fquares  of  the  diftances  ;  and  this  mull  be  readily  inferred 
from  the  heat  which  the  inhabitants  of  t'lc  Earth  receive  from  the  Sun. 

42.  As  a  planet  revolves  on  it^,  axis,  every  part  of  its  furface  will  be 
turned  tcjwards  the  Sun,  and  fo  enjoy  its  light  and  heat. 


*  Obfervations  (hew,  that  in  cclipf-'s  cf  the  nivoon  the  darkened  part  ij 
bounded  by  a  circular  curve  ;  and  coiifcqucntly  the  body,  which  cnlts  the 
fliadc,  or  o'.ilirui^h  the  I'glit,  muil  be  bounded  by  a  like  cur'.c:  but  as  thcfe 
obfcurations  are  caufed  by  different  parts  of  the  llarth,  conf-qucnily  its  iur- 
face  muft  be  limited  by  m  circular  figure,  that  h,  it  mull  be  glc/bular. 

SECTION 
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S  E  C  T  I  O  N     11. 

Of  7'errejlrial  AJlronomy» 

43.  Terrestrial  Astronomy  is  that  which  confiders  the  mo- 
tiohs  of  the  celeftial  bodies  as  feen  from  the  Earth,  which  is  alfo  in  mo- 
tion. 

The  motions  defcribed  in  the  preceding  feclion  were  fuch,  as  would 
appear  to  an  obferver  viewing  the  heavens  from  the  Sun :  But  were  he 
placed  in  one  of  the  planets,  fuppofe  the  Earth,  and  there  obfervcd  the 
motions  of  the  reft,  the  Sun,  and  other  pjanets,  would  appear  to  him 
to  revolve  round  the  Earth  as  a  center  ;  but  the  Sun  would  be  the  only 
one  that  moved  uniformly  the  fame  way :  For  the  other  planets  would 
feem  to  move  fometimes  from  weft  to  eaft,  and  then  to  ftand  ftill  j 
then  they  would  feem  to  run  from  eaft  to  weft ;  and  after  ftanding 
fome  time,  they  would  again  move  from  weft  to  eaft,  and  fo  on  conti- 
nually. 

44.  The  place  in  the  celeftial  (phere  that  any  planet  appears  in, 
when  feen  from  the  center  of  the  Earth,  is  called  its  Geocentric 
Place. 

45.  The  Direct  Motion  of  a  planet  is  that  by  which  it  appears  to 
move  from  weft  to  eaft,  and  this  motion  is  faid  to  be  according  to  the  or- 
der ofthefignSy  or  in  confequentia.  When  the  planet  appears  to  ftand  ftiJl, 
it  is  faid  to  be  Stationary  ;  and  when  its  motion  is  apparently  from 
eaft  to  weft,  it  is  then  called  Retrograde,  or  has  a  motion  in  antece- 
eUntiOf  or  contrary  to  the  order  of  the  figns.  Thefe  different  appearances 
follow  partly  in  confequence  of  the  obferver  being  himfelf  in  motion 
while  he  is  viewing  the  motions  of  the  planets,  and  partly  becaufe  he  is 
not  in  the  center  of  the  motions  which  he  obferves. 

46.  The  Pb^'/jcnjena  of  the  Inferior  Planets.  See  Fig.  i.  Plate  IV. 

Let  ABC  reprefent  an  arc  of  the  celeftial  fphere  ;  eop  the  Earth's  or- 
bit;  LNIG  the  orbit  of  an  inferior  planet,  as  of  Venus  \  and  s  the'Sun  : 
Let  the  Earth  at  firft  be  fuppofed  to  ftand  ftill  in  its  orbit  at  E  :  Now  it 
is  evident  that  the  Sun  will  appear  at  the  point  B,  and  the  planet  always 
within  the  arc  ac.  Whilft  the  planet  moves  in  its  orbit  from  i  through 
Q^  to  N,  it  will  feem  to  move  from  B  to  a  in  confequentia :  But  paffmg 
from  N  to  L,  it  will  feem  to  an  eye  at  E  to  return  back  from  a  to  b,  or 
be  retrograde.  While  the  planet  is  at,  or  near,  the  point  N,  and  moving 
as  it  were  in  a  right  line  towards  the  Earth,  it  will  for  fome  time  feem  to 
ftand  ftill  near  a,  and  it  is  then  faid  to  htjiationary. 

47.  When  the  planet  is  in  that  part  of  its  orbit  n  or  o,  which  is 
contiguous  to  the  tangent  ea  or  ec,  it  will  then  appear  at  a  or  c, 
its  greateft  diftance  from  the  Sun,  and  is  faid  to  have  then  the  greateft 
Elongation  ;  This  elongation  is  meafured  by  the  angle  seg.  The 
ir.ore  diftant  a  planet  is  from  the  Sun,  the  greater  will  its  angle  of  elonga- 
tion 
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tion  be ;  that  of  Venus  is  about  48  degrees,  and  that  of  Mercury  about  28 
degrees. 

In  the  fpace  of  a  revolution,  the  two  inferior  planets  will,  with  refpeS  to 
the  Earth,  undergo  two  conjundions  ;  one  when  it  is  beyond  the  Sun  at 
ij  the  other  when  it  is  at  L  between  the  Sun  and  the  Earth  j  the  former  is 
called  the  fupericr,  and  the  latter  the  inferior  conjun^isn. 

48.  Whilft  Venus  goes  from  her  fuperior  conjundlion,  fhe  appears  in 
the  arc  ba  always  to  the  eaftward  of  the  Sun,  and  therefore  fets  fome  time 
after  the  Sun,  and  is  called  the  evining  Jiar.  But  during  the  time  fhe  is 
going  from  her  inferior  to  her  fuperior  conjunction,  fhe  will  be  feen  fome- 
where  in  the  arc  bc  to  the  weftward  of  the  Sun,  and  fo  will  fet  before  him 
in  the  evening,  and  rife  before  him  in  the  morning  ;  hence  fhe  is  called  the 
morning  Jiar. 

Hitherto  the  planet  only  has  been  fuppofed  to  move  while  the  Earth 
flood  ftill  J  but  when  both  move,  the  foregoing  phasnomena  will  be  much 
the  fame,  only  the  planet  will  be  more  direcl  in  the  fartheft  part  of  the 
orbit,  and  lefs  retrograde  in  the  neareft  ;  the  former  arifing  from  the  fuin 
of  their  motions,  and  the  latter  from  the  difference. 


49.  Of  the  Vhjencjmna  of  the  Superior  Planets, 

The  dinSl,  fatitnary^  and  retrograde  appearances  of  the  fuperior  pla- 
nets are  explained  much  after  the  fame  manner  as  thofe  of  the  inferior  ones, 
but  with  thele  differences. 

III.  The  retrograde  motions  of  the  fuperior  planets  happen  oftener  the 
flower  their  motions  are,  as  the  retrogradations  of  the  inferior  planets  hap- 
pen oftener  the  l\vifter  their  angular  motions  are :  Becaufe  the  retrograde 
motions  of  the  fuperior  planets  depend  upon  the  motions  of  the  Earth,  but 
thofe  of  the  inferior  on  their  own  angular  motions.  A  fuperior  planet  is 
retro j:radc  once  in  each  revolution  of  the  Earth  ;  an  inferior  one,  in  every 
ore  of  its  ov.-n  revolutions. 

2d.  The  fuperior  planets  do  not  alwavs  accompany  the  Sun  as  the  in- 
ferior do,  but  are  often  in  oppofition  to  him  ;  which  neceffarilv  follows 
ironi  the  orbit  of  the  Earth  be;ng  included  in  the  orbits  of  the  fuperior 
planets. 

5c.  Of  the  a^^^rcnt  Mcticn  cf  the  Sun. 

As  a  rtxrJlato:  in  the  Sun  would  fee  the  Earth  revolve  through  the  figns 
in  the  ecliptic  ;  fo  to  a  i'pecfator  in  the  Earth  the  Sun  apparently  revoUcs 
the  lame  v.ay,  but  is  always  in  the  oppofite  point  of  the  ecliptic;  (For  it  is 
well  k.r.o\vn  to  every  one,  efpeciallv  to  thofe  who  ufe  the  fea,  that  hxed  ob- 
jects appear  to  change  their  place  by  the  motion  of  the  obferver  :)  So  that 
fhe  hei.occntric  place  of  the  Earth,  and  the  geocentric  place  of  Lhe  Sun, 
are  always  in  direcl  oppoHte  points  of  the  ecliptic. 

Now  although  it  is  the  motion  of  the  Earth  that  really  caufcs  a  great 
variety  in  the  apparent  motions  of  the  other  planets,  vet  as  the  motion  of 
the  Su*i  bciri::  known  i:i\e5  that  of  Lhe  Earth,  Lhcrefore  Allrcnomcrs  fpealc 

of 
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of  the  motion  of  the  Siin  ;  and  in  their  con^putations  ufe  the  quantkies  of 
tiiofe  motions  as  if  they  were  real. 

51.  Bclide  the  various  appearances  that  arife  from  the  annual  motion 
of  the  Earth,  there  arc  many  refulting  from  its  diurnal  motion  :  For  that 
the  Earth  has  a  daily  motion  round  its  axis  muft  neccflarily  be  inferred 
from  the  moft  ftricl  rcafoning  on  the  motions  of  the  planets :  and  the  no- 
tion, that  bodies  fo  immcnfely  diftant  as  the  liars  are,  really  revolve 
round  the  earth  in  24  hours,  is  now  treated  as  a  great  abfurdiiy  by  every 
one  who  has  rightly  confidcred  thefe  things:  However,  as  the  motions 
are  apparent,  and  the  fpeaking  of  them  as  real  is  cuftomary  and  no  way 
atFedls  the  conclufions  j  therefore  Aftronomers  treat  of  thofc  motions  as 
they  appear. 

52.  Any  fphere  revolving  as  on  an  axis,  muft  have  two  points  on  its 
furface  at  the  extremities  of  its  axis,  that  do  not  revolve  at  all  ;  thefe 
points,  with  rcfpe<5t  to  the  Earth,  are  called  its  p&les. 

53.  By  the  Earth's  rotation  on  its  axis  from  weft  to  eaft  in  a  day,  the 
furface  of  the  celcftial  fphere  appears  to  move  from  eaft  to  weft  in  the  fame 
time  ;  and  all  the  celeftial  objecls  appear  to  dcfcribe  circles  in  the  heavens, 
which  are  greater  or  lefs  according  as  they  are  farther  from,  or  nearer 
to,  the  apparent  centers  of  thofc  motions  :  For  there  are  two  points  in 
the  heavens  which  are  apparently  fixed,  and  the  nearer  any  ftars  are  to  thefe 
points,  the  (lower  are  their  motions.  Thefe  points  arc  called  the  Celes- 
tial Poles  ;  the  right  line  joining  them  is  called  the  Axis  of  the. 
Sphere,  and  pafl'cs  through  the  poles  of  the  Earth  ;  the  circle  in  the 
heavens,  equally  diftant  from  the  poles  of  the  celeftial  fphere,  is  called  the 
Equinoctial  ;  the  correfponding  circle  ontheEarth  is  called  the  Equa- 
tor, which  is  equally  diftant  from  both  the  poles  of  the  Earth. 

54.  As  the  Sun's  rays  falling  on  any  fphere  enlighten  one  half  of  its 
furface  ;  therefore  one  half  of  the  Earth  is  always  illuminated  at  once,  and 
confequently  the  enlightened  part  is  bounded  by  a  great  circle,  which 
may  be  called  the  Terminator,  from  its  proj^erty  of  terminating,  or 
bounding,  the  verges  of  light  and  darkncfs.  Now,  by  the  rotation  of  the 
Earth  on  its  axis  once  in  24  hours,  there  will  be  a  conftant  fucccilion  of 
light  on  all  parts  of  its  furface  as  they  are  turned  towards  the  Sun,  and  of 
darknels  in  thofe  parts  as  they  move  out  of  his  rays  ;  and  hence,arife  the 
viciflitudcs  of  Day  and  Night. 

55.  If  the  plane  of  the  equator  coincided  with  the  plane  of  the  ecliptic, 
and  the  axis  of  the  Earth  Itood  perpendicular  to  it,  the  termiriator  v.ould 
always  pafs  through  the  poles  of  the  Earth,,  and  there  would  be  a  conftunl 
oquality  of  day  and  night  in  every  part  of  its  furface,  except  at  the  two 
poles,  where  there  would  be  conftant  day.  But  the  contrary  of  this  is 
known  to  every  one,  and  obfervations  fiicvv',  that  the  Earth's  axis  is  in- 
clined to  the  plane  of  the  ecliptic  in  an  angle  of  about  66|  degrees;  there- 
fore the  poles  of  the  ecliptic  and  equator  are  about  23^  degrees  diftant 
from  one  another ;  confequently  the  ecliptic  and  equinoctial,  which  in  the 
heavens  interfedl:  one  another  in  the  oppofitc  points  of  Aries  and  Libra, 
make  at  thofe  interfcclions  angles  of  about  2.3J  degrees  (IV,  33)  :  This 
angle  is  called  the  Oi>LiQi,TrTY  of  the  Ecliptic. 

The  axis  of  the  Earth  being  thus  inclined  to  the  plane  of  the  ecliptic, 
2;id  moving  parallel  to  itfelf  in  all  points  of  the  AnnCal  Orki'i',  or 

2  ecliptic. 
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ecliptic,  is  the  occafion  of  the  inequality  of  days  and  nights,  and  of  the 
different  feafons  of  the  year  j  which  two  phaenomena  are  explained  as 
follows.  ■ 

56.  It  muft  be  obfervcd,  that  the  Sun  will  appear  to  be  vertical  to  that 
part  of  the  Earth,  which  is  cut  by  a  ftraight  line  joining  die  center?  of  the 
Sun  and  Earth.  « 

57.  Now  when  the  Earth^s  at  VS,  Fig.  3»  Plate  IV.  the  Sun  appear- 
ing then  in  S  will  be  vertical  to  that  point  of  the  terreftrial  ecliptic,  it  ly- 
ing in  the  fight  line  joining  the  i^enters  of  the  Sun  and  Earth.  And  this 
point  being  in  tHe  Earth's  northern  hemifphere,  all  thofs  who  live  there 
will  enjoy  fummer,  or  the  hotteft  time  of  the  year,  the  folar  rays  falling 
more  copioufly,  and  more  perpendicularly,  upon  their  hemifphere  at  that 
tinse.  ^ 

58.  At  the  fame  time  the  inhabitants  of  the  fouthern  hemifphere  will 
have  winter,  the  rays  of  the  fun  falling  more  obliquely,  and  in  lefs  quan- 
tity, on  them,  and  confcquently  affording  them  lefs  heat- 

59.  Again,  the  inhabitants  of  the  northern  hemifphere  will  have  their 
days  longer  than  their  nights,  in  proportion  as  they  are  more  diita;it  from 
the  equator  ;  while  thofe  who  live  under  the  equator  will  have  an  equal 
(hare  of  day  and  night  all  the  year  round.  For  in  this  pofition  the  termi- 
nator, which  is  always  at  right  angles  to  the  plane  of  the  ecliptic,  will  pafs 
^3l  degrees  beyond  the  north  pole,  and  confequently  will  cut  all  the 
circles  parallel  to  the  equator  which  it  meets  with  into  two  unequal  parts  : 
thoie  tnat  are  in  north  latitude  will  have  the  greater  portions  of  thofe  pa- 
rallels in  the  enlightened  hemifphere  :  but  the  terminator  being  a  great 
circle,  will  cut  the  equator  into  two  equal  parts;  therefore  half  the  equator 
is  always  illuminatcci. 

60.  Mcnce  it  neceflarily  follows,  that  thofe  who  live  under  the  equator 
will  have  their  days  and  nights  equal :  thofe  who  live  within  the  limits  of 
23I  degrees  round  the  north  pole,  will  have  no  night ;  and  the  inhabi- 
tants between  this  limit  and  the  northern  neighbourhood  of  the  equator 
will  have  their  nights  fhorter  tlian  their  days.  In  the  mean  time  thofe 
who  live  in  tlic  fouthern  hemifpnere  will  have  their  nights  longer  than  their 
dayt',  in  pro[)nrtion  as  they  approach  nearer  to  the  fouth  pole  ;  and  the 
regions  contained  within  the  limits  of  23I;  degrees  round  the  fouth  pole' 
will  have  no  day. 

61.  Suppofe  the  Earth  now  to  move  in  its  orbit  from  "^  through  the 
figns  c»,  k  to  Y,  the  Sun  will  feem  to  run  through  the  figns  SI,  ^^^  to  £: ; 
and  this  will  be  th .  place  of  the  Sun  in  autumn. 

While  the  Earth  is  in  V",  the  days  and  nights  will  be  equal  in  both 
iiemifphetes,  and  the  feafon  is  a  medium  between  fummer  and  winter  : 
For  at  that  time  the  Sun  will  appear  vertical  to  the  equator,  bccaufc  a  right 
line  Joining  the  centers  of  the  Sun  and  Earth  will  tlien  cut  the  furface  of 
the  Earth  in  the  equator  ;  lb  that  the  terminator.,  the  plane  of  which  is  al- 
ways at  riuht  angles  to  the  faid  line,  will  pafs  through  the  poles  ;  confe- 
quently, all  the  Earth  will  then  have  an  equal  fhare  of  day  and  night.  And 
becaufe  the  rays  of  the  Sun  then  fall  pcrpendiculary  upon  the  axis  of  the 
Earth,  It  will  then  follow,  that  they  mull-  fall  with  an  equal  obliquity,  and 
with  equal  number,  upon  either  hemifphere  ;  therefore  they  muft  enjoy  an 
equal  degree  of  heat  and  cold, 

Now 
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Now  fuppofc  the  Earth  to  move  from  T  to  S,  the  Sun  will  feem  to 
move  from  £s  to  YT,  where  it  will  be  in  its  neareft  approach  to  the  fouth 
pole  ;  and  at  this  time  of  the  year  it  will  be  winter  in  the  northern  hemi- 
fphcre.  For  to  this  hemifphere  the  like  phaenomena  will  now  happen, 
which  did  before  to  the  fouthern,  when  the  Earth  was  in  VS  ;  and  by  a 
parity  of  reafon,  when  the  Earth  has  got  as  far  as.  i£:,  and  the  Sun  is  ap- 
parently in  Ti  the  northern  hemifphere  will  enjoy  fpring,  and  the  fouthern 
will  have  autumn. 

62.  The  four  points  of  the  ecliptic.  In  which  the  Earth  has  been  con- 
fidered  in  fummer,  autumn,  winter,  and  fpring,  are  called  the  four  Car- 
dinal Points  ;  V^and  ffi  are  called  Solstitial  Points  j  tC;  and  T, 
EquiNocTiAL  Points. 

63.  The  firft  point  of  Cancer  is  called  the  Summer  Solstice  ;  be- 
caufe  when  the  Sun  enters  it,  which  is  about  the  21ft  of  June,  he  has  then 
got  to  the  greateft  extent  northwards,  and  being  about  to  return  towards 
the  equator,  he  feems  for  a  day  or  two  to  be  at  a  ftand.  And  for  the 
fame  reafon,  the  firft  point  of  Capricorn,  which  the  Sun  enters  about  the 
2ift  of  December,  is  called  the  Winter  Solstice,  with  refpedt  to  the 
northern  hemifphere. 

64.  The  firft  points  of  Aries  and  Libra  are  called  the  Vernal  and 
Autumnal  Equinoctial  Points,  from  the  equality  of  days  and  nights 
all  over  the  furface  of  the  Earth,  when  the  Sun  enters  thofe  points. 

6^.  Of  the  Rtftng  and  Setting  of  the  Stars. 

There  is  only  one  half  of  the  celeftial  fphere  vifible  at  one  time  to  any 
obferver  on  the  furface  of  the  Earth,  the  other  half  being  hid  by  the  Earth 
itfelf.  Now  the  apparent  plane  on  which  the  obferver  ftands,  feems  to 
be  extended  to  the  heavens,  and  there  marks  out  a  circle  that  divides  the 
vifible  from  the  invifible  hemifphere  ;  this  circle  is  called  the  Horizon, 
above  which  all  the  celeftial  motions  are  feen.  When  this  horizon  is  a 
great  circle  of  the  celeftial  fphere,  it  is  called  the  Rational  Horizon  : 
but  when  by  the  particular  fituation  of  the  obferver,  he  fees  more  or  lefs 
than  half  the  celeftial  fphere,  then  the  circle  bounding  his  view  is  called 
(he;  Sensible  Horizon. 

The  horizon  is  one  of  the  moft  ufeful  circle^^s  in  Aftronomy  ;  for  to  this 
circle,  which  is  the  only  apparent  one,  almoft  all  the  celeftial  motions  are 
referred.  It  is  the  common  termination  of  day  and  night;  it  marks  out 
rhe  times  of  the  rifing  and  fetting  of  the  Sun  and  ftars,  and  many  other 
particulars,  of  which  hereafter. 

6  6 .  Of  Far  all  axes . 

The  Parallax  of  any  object  is  the  difference  between  the  places  that 
objedl  is  referred  to  in  the  celeftial  fphere,  when  feen  at  the  fame  time  from 
two  different  places  within  that  fphere  :  Or,  it  is  the  angle  under  which 
any  two  places  in  the  inferior  orbits  are  feen  from  a  fuperior  planet,  or 
even  from  the  fixed  ftars  :  But  the  parallaxes  which  are  moft  ufed  by 
Aftronomers  are  thofe  which  arife  from  feeing  the  obje<Sl  from  the  cen- 
ters 
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ters  of  the  Earth  and  Sun  ;  from  the  Surface  and  center  of  the  Earth  ;  and 
from  all  three  compounded. 

67.  The  difFercnce  between  the  heliocentric  and  geocentric  place  of 
a  planet,  is  called  the  parallax  of  the  annual  crhit  (namely,  that  of  the 
Earth)  ;  that  is,  the  angle  at  any  planet,  fubtended  by  the  diftance  be- 
tween the  Sun  and  Earth,  is  called  the  parallax  of  the  Earth'?,  or  annual 
orbit. 

68.  The  difference  in  the  two  longitudes  is  called  the  parallax  of 
longitude  j  and  that  of  the  two  latitudes  is  called  the  parallax  of  lati- 
tude. 

69.  In  the  Syzi<;ies,  that  is,  in  the  eppofitions  or  conjunHions,  th(3  Sun 
and  planet  being  equally  advanced  in  the  fame  fign,  or  in  like  places  in  op- 
pofite  figns,  the  parallax  of  latitude  is  then  greateft. 

70.  And  when  the  planet  is  in  its  Quadratures,  that  is,  v»'hen  it 
is  90  degrees  diftant  from  the  Sun,  the  parallax  of  longitude  is  then  the 
greateft. 

7i>  To  explain  the  parallaxes  which  refpe(£l:  the  Earth  only.  Fig.  2. 
Plate  IV. 

Let  Hsw  reprefent  the  Earth,  where  T  is  the  center;  or  part  of  the 
iMoon's  orbit,  ?rg  part  of  a  planet's  orbit,  and  za.A.  part  of  a  great  circle 
in  the  celeftial  fphere.  Now  to  a  fpeftator  at  s  upon  the  furface  of  the 
Earth,  let  the  Moon  appear  in  G,  that  is  in  the  fenfil  le  horizon  of  s,  and  it 
will  be  referred  to  a  ;  but  if  viev.'cd  from  the  center  r,  it  will  be  referred 
to  the  point  d,  which  is  its  true  place. 

The  arc  ad  will  be  the  Moon's  parallax  ;  the  angle  sgt  the  parallailfc 
nngle  :  Or  the  parallax  is  exprefTed  by  the  angle  under  which  the  femidia- 
meter  ts  of  the  Earth  is  {etn  from  the  Moon. 

If  the  parallax  is  confidered  with  rcfpedt  to  different  planets,  it  will 
be  greater  or  lefs  as  thofe  objecls  are  more  or  lefs  diftant  from  the 
Earth.  Thus  the  parallax  ad  of  c  is  greater  than  the  parallax  Acl  oi g. 
If  it  is  confidered  with  relpecl  to  the  fame  planet,  it  is  evident  that  the 
horizontal  parallax  (or  the  parallax  when  the  objecl;  is  in  the  horizon) 
is  greateft  of  all  ;  and  diminiflies  gradually  as  the  l»ody  rifes  above  the 
horizon,  until  it  comes  to  the  zenith,  where  the  parallax  vanifhes,  or  be- 
comes equal  to  nothing.  Thus  ad  and  Ar/,  the  horizontal  parallaxes 
of  G  and  gy  are  greater  than  ap.  and  ah,  the  parallaxes  of  r  and  r ;  and 
the  objedls  o  or  P,  fcen  from  s  or  T,  appear  in  the  f^me  place  z,  or  the 
zenith. 

72.  By  knowing  the  parallax  of  any  celeftial  objecl,  its  diftance  frora 
the  center  of  the  Earth  may  be  cafily  obtained  by  Trigonometry.  f'hus, 
if  the  diftance  of  g  from  t  is  fought ;  in  the  triangle  stg,  the  fide  st  be- 
ing known,  and  the  angle  sgt  determined  by  obfervation,  the  fide  tg  is 
thence  known. 

T  he  parallax  of  the  Moon  may  be  determined  by  two  pcrfons  obfcrving 
her  from  diftercnt  ftations  at  the  fame  time,  fhe  being  vertical  to  the  one, 
and  horizontal  to  the  other  :  and  it  is  generally  concluded  to  be  about  57 
minutes  of  a  degree  ;  confcqucntly  her  mean  diftance  tg  is  about  60  fcmi- 
diametcrs  of  the  Plarth,  or  60  times  ts. 

But  the  parallax  molt  wanted  is  that  of  the  Sun,  by  which  his  ab- 
folutc  diftance  from  the  Earth  would  be  known  ;  and  thence  the  abfo- 

P  lute 


iio  A  .S  T  R  O  N  O  M  Y.  Book  V. 

lute  diftanccsof  all  the  other  planets  would  be  obtained  from  their  relative 
diftaiiccs  found  by  the  ftcond  Keplcr'ian  Laiv. 

JJeforc  the  year  J  761  fome  Altronomers  reckoned  the  Sun's  parallax 
nt  I2j  fcconds,  others  at  10 ;  thefe  different  parallaxes  gave  very  dif- 
ferent diftance  between  the  Sun  and  the  Earth  j  the  former  making  the 
diilances  near  8270  diameters  of  the  Earth,  and  the  latter  1031 3  dia- 
meters. 

But  in  the  years  1761  and  1769  the  planet  Venus  paft'ed  between  the 
Earth  and  the  Sun,  and  was  fcen  like  a  black  fpot  moving  over  the  face 
of  the  Sun.  Thefe  phenomena  (which  had  not  happened  in  more  than 
ICO  years  before)  were  obfcrved  by  many  Aftronomers  from  dift'crcnt 
parts  of  the  Earth,  and  the  refuit  of  their  obfervations  make  the  Sun'ij 
mean  paraihix  about  8^  fcconds,  and  hence  the  mean  diftance  between 
the  ^un  and  Earth  comes  very  nearly  to  11  goo  diameters  of  the  Earth  : 
And  from  what  was  (hewn  many  years  ago  by  the  excellent  Dr.  Hallcy, 
if  thcic  obfervations  were  made  with  the  accuracy  he  fuppofed,  the  dif- 
lance  between  the  Sun  and  the  Earth  might  be  obtained  to  lefs  thaji  a 
5C0th  part  of  the  whole  diftancc. 


73.  Of  the  Meajure  of  the  Earth. 

The  relative  diftances  of  the  planets  are  difcovercd  by  the  2d  Kgplerian 
Laiv.,  and  their  relative  magnitudes  are  gathered  from  the  angles  which 
they  appear  under  (when  viewed  with  very  accurate  inftruments)  com- 
pounded with  their  diflances,  Nov/  as  tliefe  dilhmces  and  magnitudes 
can  by  means  of  the  parallaxes  be  compared  with  the  diameter  of  the 
Earth,  confequeiitly  this  diameter  being  accurately  known  would  fervc  as 
ameafure  with  which  the  magnitudes  and  diftances  of  all  the  other  planets 
might  be  compared. 

To  find  the  meafure  of  the  Earth  is  a  problem  of  fuch  importance  in 
Agronomy,  that  it  has  been  attempted  by  fome  of  the  moft  confiderable 
men  in  almoll  all  the  preceding  ages.  But  its  folution  was  not  brought  to 
any  degree  of  accuracy  till  the  year  1635,  v.'hen  it  was  very  nearly  ai'cer- 
tained  by  our  countryman  Richard  Norwood,  an  eminent  mathema- 
tician at  that  time.  The  principle  he  proceeded  upon  was  this,  that  as 
360  degrees  were  contained  in  every  great  circle,  both  of  the  celcftial  ("phcre 
und  of  the  P^arth,  and  as  thefe  circles  are  confidered  as  concentric  to  the 
center  oi  the  Earth  ;  therefore,  were  the  meafure  of  a  degree  known  on  a 
great  circle  of  the  Earth,  correfponding  to  a  degree  of  a  great  circle  of 
the  lieavens,  then,  by  analogy,  the  whole  circumference  of  a  great  circle 
of  the  Earth  would  be  known  in  that  meafure,  and  confequently  its  dia- 
meter would  be  obtained.  (II.  197) 

Norwood  folved  this  problem  in  the  following  manner  :  He  cholc 
tv.'o  dillant  places  which  were  know  to  lie  nearly  north  and  fouth  one 
of  the  other,  as  London  and  York  ;  and  by  a  method  like  that  ot 
Traverfe  failing  (explained  in  Book  VII.)  he  found  their  difference  of  la- 
titude, or,  the  diftancc  between  the  parallels  of  latitude  pa/ling  through 
thnfc  places  ;  or,  which  is  the  fame  thing,  the  length  of  that  arc  of  the 
tcrreflriaJ  meridian.     He  alfo  with  a  good  inftrumcnt  found  the  diftancc 
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between  the  zeniths  of  thofe  places,  and  confequently  he  thence  k;ne\<r 
the  quantity  of  the  celeftial  arc  anivvering  to  the  meafured  terreltrial 
one.  Then  fayins:,  As  that  celeftial  arc  is  to  a  great  circle  of  the  ce- 
leftial fphere,  or  360  degrees  ;  fo  is  the  arc  of  the  terreftial  great  circle 
meafured  in  feet,  to  the  circumference  of  a  great  circle  of  the  Earth  ih 
feet  meafurt?. 

And  thus  he  found  that  about  69^  Englifli  miles  anfwefdd  to  one  degree; 
hence  the  circumference  of  the  Earth  appears  to  be  25020  miles,  and  its 
diameter  about  Booo  miles. 

By  the  fame  kind  of  reafonlng,  the  diftancea  found  In  art;  72.  from  thft 
parallaxes,  were  obtained^ 

For  I2|":  360"  :  :  1  femi-diam.  :    103*1801        f  Circumference      of     the 
10      :  360    :  :  i  femi-diam.  :    129600  >  the <  Eartli's     orbit    in     femi- 
8y    :  360     :  :  i  femi-diam.  :    149538}        (^  diameters  of  the  Earth, 

And  6,283185  :  103680  :  :  I  :  16539,5  1  f  Mean  dift.  of  the  Earth 
6,283185  :  129600  :  :  I  :  20626,4  >  the  ^  from  the  Sun,  '"  femi-d. 
6,283185  :  I49538   :  :  I  :  23799,8  )        (of  the  Earth.  (II.  197) 

Then  16539,5  ^  40^0  rr  66158000  ")  f  Mean  dillance  of  the 
20  >26,4  X  4000  =:  82505600  S  the  <  Earth  from  the  Sun,  in 
23799  8  X  4~GO  r:  95 199^00  )        ^  miles. 

74.  Of  the  Mofjii: 

The  Moon  revolves  in  her  orbit  from  weft  to  eaft  round  the  Earthy 
and  is  carried  perpetually  with  it  through  the  annual  orbit  round  the 
Sun,  making  in  the  fpaceof  one  year  13  periodical.^  and  \^  fynodical  reva-^ 
liitions. 

75.  A  Periodicai.  Month,  or  Rf.volution,  is  the  time  the  Moon 
takes  up  in  revolving  from  one  point  of  her  orbit  to  the  fame  point  again, 
and  confifts  of  27  d.  7  h;  43  m. 

76.  A  Synodical  Month,  or  Revolutiokj  is  the  time  the  Moon 
fpcnds  in  pa/Ting  from  one  conjuniStion  with  the  Sun  to  another,  which  is 
29  d.  12  h.  44m.;  being  2d.  fh.  i  m.  longer  than  the  Periodical 
Month.  For  whilft  the  Moorl  is  pafllng  from  her  forrricr  conjunction  with 
the  Sun  round  to  it  again  ;  the  Earth  has  proceeded  forwards  in  its  an- 
nual courfc,  as  it  were  leaving  the  Moon  behind  it ;  io  that,  in  order  to 
complete  her  next  conjunction  with  the  Sun,  flic  muft  not  only  come 
round  to  her  former  point  again,  but  alfo  go  beyond  it. 

77.  Bcfidcs  this  monthly  motion  of  the  Moon  round  the  Earth,  fhe 
has  alfo  a  motion  round  her  axis,  v/hich  is  performed  cxa6tly  in  the  fame 
time  with  her  periodical  revolution  :  Hence  it  comes  to  pafs,  that  the 
f.une  face  of  the  Moon  is  always  turned  towards  the  Earth,  her  diurnal 
motion  turning  juit  as  much  of  her  face  to  us,  as  her  periodical  motion 
turns  it  from  us. 

'/'i.  Though  the  fame  fide  of  the  Moon  is  ever  turned  towards  us,  yet 
it  is  not  always  viAblc,  but  fccms  daily  to  put  on  dili'crcnt  appearances, 
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^lilled  Phases  :  For  the  Moon  being  an  opake  ^ody  like  the  reft  of  the 
planets,  borrows  its  light  from  the  Sun,  having  always'onc  hemifphcre  en- 
lightened by  the  folar  rays. 

When  the  enlightened  hcniifpherc  is  wholly  turned  from  the  Earth,,  as 
at  her  change  or  time  of  new-moon,  the  planet  then  being  betwixt  us 
and  the  Sun,  the  Moon's  whole  enhghtencd  face,  or  dljl'^  muft  needs 
tie  invifiblc  to  the  Earth.  W^hcn  fhe  partes  from  this  Itatc,  and  turns 
forae  little  portion  of  the  illuminated  half  to  us,  fhe  muft  appear  horned, 
the  Cusps  or  points  being  turned  from  the  Sun  towards  the  ealK  When 
the  Moon  is  in  her  quadratures,  or  at  90  degrees  from  the  Sun,  then  half 
ihe  ^Illuminated  face  becomes  vifible  :  She  aftei^wards  continues  to  fhcw 
more  than  half  the  enlightened  difk,  until  (he  comes  in  oppofition  to  the 
Sun  or  time  of  full-moon,  when  the  whole  of  the  illuminated  orb  is  prc- 
fcnted  to  us  j  from  whence  receding,  fhe  muft  put  on  the  like  phafes  as 
before,  but  in  an  invcrfe  order,  the  cufps  being  now  turned  towards  the 
weft. 

79.  Of  Solar  and  lunar  Eclipfes. 

Eclipfes  of  the  Sun  and  Moon  can  onlv  happen  about  the  times  of  the 
conjunctions  and  oppofitions  :  thofe  of  the  Sun  fall  out  at  the  conjuiic- 
^  tions,  when  the  Moon  intercepts  the  light  of  the  Sun  from  the  Earth  j  and 
thofe  of  the  %vtft  occur  in  the  oppoGtions,  when  the  Earth  getting  be- 
tween the  Sun  and  Moon,  the  latter  lofes  her  light  during  the  time  of  that 
interpofition. 

The  caufe  why  there  is  not  nn  eclipfe  in  every  fyzigie  is  the  inclination 
cf  the  plane  of  the  Moon's  orbit  to  that  of  the  ecliptic,  which  is  about 
5^  18' :  for  it  is  certain,  that  unlefs  the  Sun,  Earth,  and  Moon,  arc  all  in 
^he  plane  of  the  ecliptic,  or  nearly  fo,  the  fliadows  of  the  Earth  and  Moon 
can  never  fall  on  one  another,  but  muft  be  direded  cither  above  or  be- 
low. Now  they  can  never  be  in  the  fame  plane,  and  in  one  right  line, 
except  when  the  Moon  is  in  her  nodes,  the  nodes  and  Sun's  center  beiiig 
in  the  fame  right  line. 

^o.  The  folar  and  lunar  eclipfes  do  not  happen  every  year  in  the  fmie 
places  of  the  zodiac,  but  in  fuceeding  years  they  fall  in  places  gradually 
lemovcd  backwards,  or  towards  the  antecedent  figns  :  For  fmce  the  nodes 
arc  found  to  go  continually  backwards,  the  eclipfes  muft  alfo  obierve  the 
lame  order. 

81.  Eclipfes  of  the  Moon  are  either  total  or  partial :  the  total  happen 
wiien  the  node  falls  in  or  near  the  center  of  thafhadow  :  and  the  partial, 
when  the  node  happens  to  be  on  either  fide  the  center,  within  or  with- 
out the  fhadow.  Now  the  longer  the  duration  of  a  partial  eclipfe  is,  fo 
much  the  greater  is  that  part  of  the  Moon  which  enters  into  the  fhadov/ 
of  the  Earth. 

H2.  Hence  it  is  ufual  to  conceive  the  Moon's  diameter  as  divided  into  12 
parts,  called  Digits,  by  which  the  grcatnefs  of  partial  eclipfes  is  mea- 
fured,  they  being  faid  to  be  of  fo  many  digits  as  they  are  parts  covered  by 
the  Earth's  fhadow  :  Thus  if  5  of  tlie  12  parts  are  covered,  it  is  called  aa 
eclipfe  of  5  digits. 

83,  As  the  planet  Mars  is  never  eclipfed  by  the  Earth,  it  is  plain 
^le  ihadow  of  the  latter  does  not  reach  fo  far  as  the  orbit  of  the  former, 
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hut  tapers  to  a  point  at  a  Icfs  didance  ;  and  confcquently  the  Earth's  fha- 
dow  inuft  be  a  cone,  the  vertex  of  which  is  extended  beyond  the  orbit 
of  the  Moon.  It  naturally  follows  from  hence,  that  the  Sun  is  a  much 
larger  body  than  the  Earth  j  it  is  indeed,  in  diameter,  above  lOO  times  that 
of  the  Earth. 

84.  If  a  perfon  was  placed  jufl  at  the  vertex,  or,  point  of  this  fhadow,  he 
would  fee  nothing  of  the  Sun  but  a  fmall  rim  of  light  round  tiis  difk  ;  and 
the  farther  the  obfervcr  was  removed  from  the  vertex,  the  larger  would  the 
rim  of  light  appear,  and  confequently  the  fewer  rays  would  be  intercepted 
by  the  opake  body,  till  at  laft  it  would  appear  only  as  a  fpot  in  the  Sun  ; 
in  like  manner  as  the  planets  Venus  and  A'lercury  appear  when  they  are 
fcen  to  pafsover  the  Sun's  difk. 

85.  What  has  hitherto  been  faid  of  the  fliadow  of  the  Earth  includes 
that  of  the  atmofphere  furrounding  the  Earth  :  for  in  lunar  eclipfes  the 
fhadow  of  the  atmofphere  is  to  be  confidered.  And  hence  it  is  that  the 
Moon  is  vifible  in  eclipfes,  the  fliadow  caft  by  the  atmofphere  being  not 
near  fo  dark  as  that  caft  by  the  Earth. 

86.  The  Moon  always  enters  the  weftern  fide  of  the  fliadow  with  her 
caftern  limb,  and  quits  it  with  her  weftern  limb;  and  in  her  approach  to 
and  recefs  from  the  fliadow,  flie  muft  pafs  through  a  Penumbra,  or  im- 
perfecSt  fliade,  which  is  caufed  by  the  Earth  itfelf. 

87.  In  the  fame  manner,  in  which  it  has  been  fliewn  that  the  Moon  muft 
come  into  the  fhadov/  of  the  atmofphere,  when  fhe  is  at  full  and  at  or  near 
a  node,  it  may  alfo  be  fliewn,  that  her  fliadov/  muft  fall  upon  the  Earth  at 
the  time  of  new  Moon,  provided  flie  is  in  or  near  a  node  :  But  the  pen- 
umbra of  the  Moon's  fliadow  is  much  more  fenfible  in  folar  eclipfes,  than 
that  accompanying  the  fliadow  of  the  Earth  in  lunar  ones. 

88.  It  is  obferved,  that  to  determinate  parts  of  the  Earth  folar  eclipfes 
are  not  fccn  fo  oft  as  lunar  ones  ;  which  is  owing  to  the  fliadow  of  the 
Moon  being  Icfs  than  that  of  the  Earth  :  For  the  Earth's  fliadow  often 
covers  all  the  Moon  ;  but  that  of  the  Moon  cannot  cover  all  the  Earth  ; 
and  as  it  fooietimes  falls  on  one  part,  fometimes  on  another,  it  caufes  folar 
cclipfe?,  in  general,  to  be  more  frequent  than  lunar  ones  ;  yet  to  anyde- 
Tcrmi:iate  place  on  the  P^arth  there  are  more  eclipfes  of  the  Moon  vifible 
than  of  the  Sun. 

What  has  hitherto  been  Hxid,  may  fuffice  to  give  beginners  a  general  idea 
of  the  motions  of  the  bodies  in  the  folar  fyftem,  and  of  fome  of  the  pheno- 
mena thence  nrifing;  thofe  who  defire  to  be  farther  acquainted  with  parti- 
culars, may  find  them  fully  treated  of  in  M.de  la  Caille's  Elements  ofAftro- 
nomv,  publiflied  in  Englifli  a  few  years  fince"*^  and  alfo  in  the  works  oi" 
f  ircgory,  Kcil,  and  otiicrs. 

♦  Tranflated  by  the  Author  of  thefs  Elements. 
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SECTION     III. 
l^he  AJlro7iomy   of  the  Sphere, 

Definitions    and    Principles. 

89.  By  the  Aftronomy  of  the  fphere  is  meant  the  finding,  from  proper 
things  given,  the  meafure  of  certain  arcs  and  angles  formed  on  the  fur- 
faces  of  the  celeRial  and  terreftrial  fpheres,  by  the  apparent  motions  of  the 
bpdieswhiph  arc  feen  in  the  heavens. 

The  furfaccs  of  thofc  fpheres  are  fuppofed  to  be  concentric  to  the  center 
pf  the  Earth,  and  to  have  correfpondent  circles  defcribed  on  both  fpheres. 

90.  Great  Circles  are  thofe  which  divide  either  fphere  into. two 
equal  parts. 

Lesser  Circles,  thofe  which  divide  the  fphere  into  unequal  parts. 

The  Poles  of  a  circle  are  the  points  on  the  fphere  equally  diftant  from 
tliat  circle. 

An  Axis  is  a  right  line  fuppofed  to  connciSt  the  poles. 

The  Celestial  Axis  is  that  right  line  about  which  the  heavens  feem 
^p  revolve. 

The  North  and  South  Poles  of  the  world  are  thofe  two  points  where 
the  axis  cuts  the  celeltial  fphere. 

91.  The  Equin'OC  iial  or  Equator,  is  the  great  circle  of  the  fphere 
equally  diftant  from  the  poles  of  tiic  world. 

92.  Meridian's,  or  Hour  Circles,  or  Circles  of  Right  AscErf- 
SIGN,  or  Circles  of  Terrestrial  Lon'cjitude,  are  great  circles 
perpendicular  to  the  equator,  and  paifing  through  the  poles  of  the  world. 

93.  The  Ecliptic  is  a  great  circle  inclined  to  the  equator  in  an  angle 
of  about  23%'',  and  cutting  it  in  two  points  diametrically  oppofite. 

T'he  ecliptic  is  fuppofed  to  be  divided  into  12  equal  part.>,  called 
SiGN'Sj  beginning  from  one  of  its  interfections  with  the  equator;  each 
figii  containjjig  30  degrees,  named  ajid  noted  thus  : 

Aries         "^Jaurus  Gcfnini  Cancer  Lra  J  if  g^ 

T  »  Ti  ^p  SI  "z?^ 

Z-il'ra        Scorp'.'j      Sdpttariia      Cnprlccrni/s    Aquarius     Pi/ccs 
^  111  '   /  Vf  .t2  ,    H 

The  firft  ilx  are  called  >icrt!:crn,  and  the  latter  fix  fouth^r?!  ligns. 

94.  The  Cardinal  Points  of  the  ecliptic  arc  tlie  four  full  poinls 
of  the  figns  V">  S,  :^ .  VS  ;  thofe  of  T  and  <£:  arc  called  Eqj:inoctial 
Points,  and  thofe  of  S  and  \?  are  called  SoLsTiriAL  Points. 

95.  The  Equinoctial  Coltre  i>  a  meridian  paifing  through  the 
squinoiiial points ;  and  the  Solstitial  Colure  is  another  meridian 
paffmg  through  the  fdjlitial  points.  The  colourcs  cult  cnie  another  at 
l^ight  angles  in  the  poles  of  the  world. 
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96.  Circles  of  Celestial  Longitude  are  great  circles  perpendi- 
cular to  the  ecliptic. 

97.  The  Latitude  of  any  point  in  the  heavens  is  an  arc  of  a  circle  of 
longitude  intercepted  between  that  point  and  the  ecliptic,  and  is  called 
north  or  fouth  latitude,  as  the  point  is  on  the  north  or  Ibuth  fide  of  the 
ecliptic. 

98.  Parallels  of  Celestial  Latitude  are  fmall  circles  parallel 
to  the  ecliptic. 

99.  The  Longitude  of  any  objetEl  in  the  heavens  is  an  arc  of  the  eclip- 
tic intercepted  between  the  fiiil  point  of  Aries  and  a  circle  of  longitude 
palling  through  that  point. 

100.  The  Right  Ascension  of  any  obje£l:  is  an  arc  of  the  equator, 
contained  between  the  firfl  point  of  Aries  and  a  meridian  pafllng  through 
that  point  :  Or,  it  is  the  angle  formed  by  the  cquinodial  colure,  and  the 
meridian  paHiiig  over  that  point. 

ici.  'ihe  Declination  of  any  objccl:  is  an  arc  of  a  meridian  con- 
t.iined  between  that  point  and  the  equinoclial  :  If  the  point  is  on  the  north 
jide  of  the  equinoctial,  it  is  called  north  declination;  but  if  on  the  foutli 
lide,  it  is  called yiwf/;  dccUnalion. 

102.  'i'he  Obliquity  ok  the  Ecliptic  is  the  angle  made  by  the 
interlcctioii  of  the  equator  and  ecliptic,  and  is  mcafured  by  the  Sun's 
grcatcfl:  declination;  which,  accoidiiiL:;  to  modern  obfervations,  is  about 
23--Z8'. 

icj.  Parallels  of  Declination  are  Imall  circles  parallel  to  the 
equinoctial,  l^he  Tropic  of  Cancer  is  a  parallel  of  declination  at  23"* 
28''  ditbnt  from  the  equinoctial  in  the  northern  hemifphcre  ;  and  the 
Tropic  of  Capricorn  is  the  parallel  of  declination  as  far  diftant  in  the 
fouthcrn  hemilphcrc. 

104.  Tfh-:  Arc  ric  Polar  Circli-  is  a  parallel  of  declination  at  23" 
28'' diit.mt  from  tlic  north  pole;  and  tiic  Antarctic  Polar  Circl;: 
is  the  par;.I!cl  or  licclination  as  far  diftant  from  the  fouth  pole. 

IC5,  l"hc  Zknitit  is  the  point  of  the  heavens  direcHy  over  a  place  ; 
and  tlie  N  -^^vx  is  the  point  directly  underneath. 

106,  Tiic  HoRl/ON  is  that  great  circle  of  the  fnhcrc  which  is  equally 
diftant  from  the  zenith  and  nadir  of  any  place,  and  divides  the  fphcrc  into 
tlie  upper  and  li>wer  hcmifphcrcs. 

1C7.  The  Rising  of  a  celeftial  objccl:  is  when  its  center  appears  in  the 
caftern  part  of  the  horizon  ;  and  its  Setting  is  when  its  center  difap- 
pears  in  tl;e  weftern  quarter  ol  the  hori/.on. 

108.  Azi.MUTir,  or  Vr.RircAL  Circt.fs,  are  great  circles  pcrpcmli- 
cular  to  the  hori/.on,  palliiig  throui^h  its  poles,  wliicii  arc  the  zenith  ar.d 
nadir. 

IC9.  The  Prime  Vertical  is  that  vertical  circle  which  pafles  through 
the  call  ajid  v/cft  points  of  the  horizon,  and  is  at  right  angles  to  the  7m- 
ridian  of  the  place^  which  is  a  vertical  circle  pafling  through  the  nortli  and 
fouth  points  of  the  horizon. 

1 10.  As  the  meridian  of  a  place  is  called  the  tiddve  o'cJ'-.ck  I'lur  cire.'e^ 
{o  the  hour  circle  at  right  angles  to  the  meridian  is  called  thcy;.v  o\l'ick 
I'our  circle. 

111.  'I'iic  AziMurn  of  any  celeftial  object:  is  an  angle  at  the  zcr.irh 
formed  by  the  meridian  of  ajiy  place,  and  ;;  vtrtic.1l  circle  palling  through 
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that  obje6l  when  it  is  above  or  below  the  horizon  :  AnJ  it  is  meafured  by 
the  arc  of  the  horizon  intercepted  between  thole  vertical  circles. 

III.  The  Amplitude  of  any  objedl  in  the  heavens  is  ufualiy  taken 
a>  an  arc  of  the  horizon  contained  between  the  caftern  point  of  it,  and  the 
center  of  the  object  at  its  rifing,  or  between  the  weflern  point  of  it  and 
the  center  of  the  objcdl  at  its  fetting  ;  or  it  may  be  taken  as  an  angle  at 
the  zenith,  included  between  the  meridian  of  a  place  and  a  vertical  circle 
pafllng  through  the  object  at  its  rifing  or  fetting. 

113.  The  Altitude  of  any  objed  in  the  heavens  is  an  arc  of  a  vertical 
circle  intercepted  between  the  center  of  that  objedl  and  the  horizon. 

114.  The  Zenith  Distance  of  any  object  is  an  arc  of  a  vertical 
circle  contained  between  the  center  of  that  object  and  the  zenith. 

The  altitude  and  zenith  diilance  are  complements  one  of  the  other. 

115.  The  Meridian  Altitude,  or  iMeridian  Zenith  Dis- 
tance, is  the  altitude  or  zenith  diftance  when  the  objec);  is  on  the  meri- 
dian of  the  place. 

1 16.  The  Culminating  of  any  celeflial  object,  is  the  time  it  tran- 
ftSy  or  comes  to  the  Meridian.  And  the  Medium  C'oeli,  or  Mid- 
He  avex,  to  any  place,  is  that  degree  of  the  ecliptic,  or  part  of  the  hea- 
vens, over  the  meridian  of  that  place,  at  any  time.  Or  the  Mid-Heaven 
is  the  diitance  of  the  meridian  from  the  firll  point  of  Aries,  reckoned  on 
the  equinoctial. 

117.  The  Nonagefimal  degree  is  the  90th  degree  of  the  Ecliptic,  rec- 
koned from  its  interfection  with  the  eaftern  point  of  the  horizon,  at  any 
given  time. 

Confcquently  the  altitude  or  height  of  the  nonagefimal  degree  above 
the  horizon  is  equal  to  the  diftance  of  the  poles  of  the  Ecliptic  and  Ho* 
rizon  ;  and  is  the  mcafure  of  the  angle  which  the  ecliptic  makes  with  the 
horizon. 

118.  Almicanthers,  or  Parallels  of  Altitude,  are  fmall 
circles  parallel  to  the  horizon. 

119.  A  Parallel  Sphere  is  that  pofitiofi  of  the  fphere  in  which 
the  circle?,  apparently  defcribed  by  the  diurnal  rotation,  are  parallel  to  the 
horizon  ;  which  can  happen  only  at  the  poles. 

120.  A  Right  Sphere  is  that  in  which  the  diurnal  motions  are 
at  right  angles  to  the  horizon  :  Thus  it  appears  in  all  places  under  the 
equator. 

121.  An  Oblique  Sphere  has  all  the  diurnal  motions  oblique  to  the 
horizon  :  And  thus  the  motions  appear  to  all  parts  of  the  Earth,  except 
under  the  poles  and  equator. 

12?..  Diurnal  Arcs  are  thofe  parts  of  the  parallels  of  declination  of 
celeftial  objects  whicli  are  apparently  defcribed  between  the  times  of  the 
rifing  and  fetting  of  thofe  objeits  :  And  Nocturnal  Arcs  are  the  parts 
of  thofe  parallels  apj.urently  defcribed  from  the-  time  of  fetting  to  the  time 
of  rifing. 

123.  Semi-diurnal  and  Semi-nocturnal  Arcs,  or  the  halves 
of  diurnal  and  nodturnal  arcs,  are  the  parts  of  the  parallels  intercepted 
rctu'cen  the  meridian  and  the  horizon.  The  corrcfponding  part  of  the 
equ^.tor  anfwering  to  the  fenii-diurnal  arc,  gives  the  times  between  noon 
'.::c  :r.':  ilfir.g  ox  letting  j  and  the  equatOfial  ^lart  anfwering  to  the  fenii- 
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nocturniil  arc,  (hews  the  time  between  midnight  "and  the  time  of  fetting 
or  riflng. 

124.  The  OnLiqtJE  Ascension  of  any  obje6i  in  the  heavens,  is  an 
arc  of  the  equinodlial  intercepted  between  the  firft:  point  of  Aries  ai>d  the 
caftern  part  of  the  horizon  when  that  objecSl  is  rifing  ;  and  the  Oblique 
f)£SCEN'siON'  is  an  arc  of  the  equinoctial  intercepted  between  the  iirfl 
point  of  Aries  and  the  weftern  part  of  the  horizon  at  its  fetting. 

125.  The  Ascensional  Difference  belonging  to  any  celeftial  ob- 
isct  is  an  arc  of  the  equinoiVial  intercepted  between  the  horizon  and  the 
hour-circle  which  the  object  is  on  when  it  rifes  or  fets ;  or  it  is  the  dif- 
ference between  the  right  and  oblique  afcenfion  of  that  objecSl.  In  the 
Sun,  it  is  the  time  that  he  rifes  or  fets  before  or  after  the  hour  of  fix. 

126.  The  La  riTUDE  of  any  place  on  the  Earth  is  an  arc  of  a  ter- 
reilrial  meridian  contained  between  that  place  and  the  equator ;  or  it  is 
an  arc  of  a  celeRial  meridian  intercepted  between  the  zenith  of  the  place 
and  the  equinoctial ;  being  north  or  fouth,  according  to  the  fide  of  the 
equator  it  is  on. 

127.  Ihe  Longitude  of  any  place  on  the  Earth  is  an  arc  of  the 
equator  contained  between  the  meridian  of  that  place  and  the  meridian 
which  is  chofen  for  the  firft,  where  the  reckoning  of  longitude  begins  : 
Or,  it  is  the  angle  at  the  pole  formed  by  the  firft  meridian  and  that  of 
the  place. 

128.  Refraction,  in  an  aftronomical  fenfe,  is  the  difference  be- 
tween the  true  ai)d  apparent  altitudes  of  celcftial  objects ;  they  appear- 
ing more  elevated  above  the  horizon  than  they  really  are,  on  account 
of  the  denfuy  of  the  Earth's  atmofphere,  or  air  and  vapours  furround- 
ing  it.  ^  _ 

129.  The  Twilight  is  that  medium  between  light  and  darknefs, 
v/hich  h:^ppcns  in  the  morning  before  fuii-rife,  and  in  the  evening  after 
fun-fet. 

This  is  occafioned  by  the  atmofphcre's  refracting  the  folar  rays  upon 
any  place,  although  the  Sun  is  below  the  horizon  of  that  place,  and  by 
obier\-ation  it  is  found  to  begin  and  end  when  the  Sun  is  about  18°  below 
the  horizon. 

130.  The  Crepusculu.m  is  a  fmall  circle  parallel  to  the  horizon  at 
18''  below  it,  where  the  twilight  begins  and  ends. 

131.  The  Laiitude  of  a  Place  is  expreficd  by  an  arc  of  the  me- 
ridian, lliewing  the  diftance  between  the  zenith  of  that  place  and  the 
equinoctial  ;  or,  by  an  arc  of  the  meridian,  {hewing  the  height  of  th« 
pole  above  the  horizoji. 

For  under  the  pole,  or  in  the  latitude  of  90  degrees,  the  pole  Is  in  the 
zenith,  or  is  90  degrees  above  the  horizon ;  fo  that,  in  this  cafe,  t^ic  ho- 
rizon coincides  with  the  equinoctial. 

And  as  many  degrees  as  the  obferver  goes  from  the  pole  towards  the 
equator,  fo  many  degrees  does  his  horizon  go  below  the  equator  on  one 
jide,  and  approach  the  pole  on  the  other  fide. 

Therefore  the  pole  approaches  the  horizon  juft  as  much  as  the  zenith 
approaches  the  equator  ;  that  is,  the  height  of  the  pole  above  the  hori- 
zon, is  equal  to  the  diftance  of  the  zcjiith  from  the  equinoctial,  which  is 
equivalent  to  the  diftancg  of  the  obferver  from  the  equator,  or  is  equal  to 
tU  latitude. 
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132.  AsTROtioMicAL  Tables  in  general  contain  numbers  fhewing, 
either  the  nieafure  of  the  diftances  ot"  the  heavenly  bodies  from  certain 
kmits  which  are  ufed  to  reprefent  remarkable  times  and  places ;  or,  the 
times  when  thofe  bodies  had,  or  will  have,  given  pofitions  relative  to  thofe 
limits. 

Some  of  the  chief  aftronomical  tables  are. 
Solar  and  lunar  tables  for  linding  the  places  of  thofe  luminaries  at  given 
times. 

'I'ables  for  finding  the  places  of  the  other  planets. 
Stellar  tables  for  finding  the  places  of  the  Itars. 

7"ables  fhewing  the  Sun's  place,  declination,  and  right  afccnfion  for 
£iven  times. 

Tables  of  refractions  for  correcting  obfervatlons  on  altitudes. 
Tables  of  the  equation  of  time  j  or  the  difference  between  the  time? 
fhewn  by  a  fun-di;il  and  a  well-regulated  clock. 

The  aftronomical  tables  chiefly  wanted  in  this  work  are  placed  at  the 
end  of  this  book ;  and  are  preceded  by  an  account  of  their  conftrudion 
2iid  ufe. 

133.  As  the  Earth  makes  one  revolution  on  its  axis  in  a  common  day 
of  24  hours  -,  therefore  every  point  of  the  equator  will  defcribe  the  circle 
of  360  degrees  in  24  hours  ;  and  confequently,  if  360  degrees  give  24 
hours,  any  other  number  of  degrees  will  give  its  proportional  hours  : 
And  if  24  hours  give  360  degrees,  any  other  numb,er  of  hours  will  give 
its  proportional  number  of  degrees. 

And  hence  are  derived  methods  for  con\erting  arcs  of  circles  into 
meafures  of  time,  and  meafures  of  time  into  arcs  of  circles. 

To  reduce  degrees^  minutes^  &'c.  to  tune. 
Multiply  by  24,  and  divide  by  360  ;  or  multiply  by  4,  and  divide  by  60  : 
Or,  Divide  the  given  degrees  by  15  for  hours  j  multiply  the  remainder 
by  4  for  minutes,  adding  to  the  product  i  minute  for  every  15^  of  a  de- 
gree ;  the  overplus  minutes  of  a  degree,  multiplied  by  4,  gi\'e  feconds  of 
time,  ^c. 

Or  thus :  Let  the  quotient  of  the  given  degrees  by  60  ftand  for  the  firfl 
name  j  the  remaining  degrees  for  the  fecond  name  ;  and  the  other  given 
names  in  order  following  :  Then  this  number  multiplied  by  4,  will  give 
the  hours,  minuted,  feconds,  &c.  in  order, 

lo  reduce  time  mto  degrees. 
Multiply  the  given  hours  by  15  gives  degrees,  to  which  add  1"  for  every 
4  minutes  of  time  ;  for  every  overplus  minute  reckon  15^  of  a  degree; 
and  for  every  feccnd  of  time  take  \<^"  of  a  degree. 

Or  thus  :  Divide  the  time  by  4,  carrying  by  fixties,  the  quotient  will 
be  in  order,  fixties  of  degrees,  degrees,  minutes,  feconds,  hz.  :  T^hen 
fjxties  of  degrees  snd  degrees  being  reduced,  will  give  the  degree?,  ^"c, 
required. 
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'"?  I         Exam.  I.   Reduce  69°  2o^  45^^, 
^'^  ■      i'j  its  correfponding  time. 

15)  69^-45"  (4'  37"  23' 
9X4.+ 1=37 

5X+  +  3==z3 


Exam.  II.  Reduee  4'',  37",  23% 
to  its  correfponding  degrees. 

4^  ^j^^  23» 


60''      o'      o"  for  4  hours. 
915        o     for  37  minutes. 
5      45     for  23  feconds. 


69°   20'    4j' 


Exam.  III.    i^r^z/<:^   237",   44',!      Exam.  IV.  Reduce  is'^-.S^'^iS^^^ 
37  '',  ^3  its  equivalent  time. 


60)      237^ 


3     57     4+     37 
4 

Anfwer  i-^^   50'"  58'   28c 


28^,  to  its  equivalent  degrees. 
4)      15^  so"*  58'  28c 


Or 


3'    57°   44'  37" 

237°       44'  37"  Anfwer. 


As  the  Sun  is  coiiflantly  changing  his  place,  the  tables  of  his  right 
afcenfion  fhew  for  every  day  at  noon  (when  he  comes  to  the  meridian  of 
the  place  for  which  the  tables  are  made)  what  part  of  the  equator  is  in- 
tercepted between  that  meridian  and  the  equinoctial  point  Y.  The  ta- 
bles for  the  ftars  fhew  the  equatorial  arcs  contained  between  the  point  V^ 
and  the  fettion  of  circles  of  right  afcenfion,  paffing  through  thofe  ftars  : 
The  meafures  of  the  arcs  of  right  afcenfion  are  reduced  to  time. 

There  are  few  days  when  one  or  more  ftars  do  not  come  to  the  meri- 
diari  with  the  Sun,  and  then  they  have  the  fame  right  afcenfion  with 
biin  :  Alfo,  at  fome  time  of  the  year,  the  Sun  muft  have  the  fame  right 
afcenfion  which  any  propofed  ftar  has  j  though  at  other  times  he  may 
have  a  Icfs,  and  fo  precedes,  or  comes  to  tlic  meridian  before  that  ftar ; 
or  a  greater,  and  fo  follows  the  ftar,  and  comes  to  the  meridian  later. 
And  hence  is  dtrived  the  following  method. 

Of  Finding  the  Culminating  of  the  Stars, 
1 34.  To  find  the  time  when  any  Jlar  in  the  table  zvill  be  on  the  meridian. 

Rule.  Subtract  the  fun's  right  afcenfion  for  the  propofed  day  from 
the  right  afcenfion  of  the  given  ftar  ;  the  difference  will  be  the  time  of 
the  ftar's  culminating  nearly.  Say  as  24**  is  to  the  daily  change  of  the 
fin's  right  afcenfion,  fo  is  the  time  of  culminating,  nearly,  to  a  fourth 
number  j  which  being  fubtra6ted  from  the  time  of  culminating  nearly, 
will  give  the  true  time  of  the  ftar's  culminating.  If  this  time  be  lefs 
than  12''  it  happens  in  the  afternoon  ;  but  if  more  than  twelve  hours, 
ihe  cxcefs  above  12**  will  fhew  the  time  next  morning. 

N.  B.  24*^  muft  be  added  to  the  ftar's  rit^ht  afcenfion,  if  the  fun's  right 
-fcgnfion  be  grcatcft, 

tXAM. 


£2o  ASTRONOMY 

Exam.  I.  At  what  time  will  the 


flar  Ar£iurus  come  to  the  meridian  of 
'London  on  the  iji  of  September^  1 780  ? 

Right  afcen.  of  Aiflurus  \i^    5'  42" 

Sun's  right  afcenfion  10  44    ^4 

Time  of  culmin.  nearly  3  21      8 

And  3**  21^'"  give  3° 

True  time  of  ftar's  culm.  3  20  38 


-   BookV;i 

Ex.  II.   On  the  ibtb  of  Feb.  1780, ' 
at  what  hour  will  the  Jlar  Virgin^ $ 
Spike  be  on  the  meridian  of  London  f 


Virg.  Spike'j  right  afc. 
Sun's  right  afcenfion 
Time  of  culm,  nearly 
And  14'^,  36|">  give 
True  time  of  ftar's  culm. 


is'^ 

'3 

38' 

22 

37 

10 

H 

36 

28 

2 

i8 

14    34    10 


If  the  time  of  the  ftar's  culminating  be  wanted  for  any  other  meridian 
than  that  of  Greenwich,  or  London,  add  the  longitude  in  time  to  the 
time  of  culminating  nearly,  if  the  longitude  be  weft,  or  take  their  dif- 
ference if  it  be  eaft,  and  ufe  that  ium  or  difterence  inftcad  of  the  time  of 
Culminating  nearly :  obferving,  onl}',  in  the  latter  cafe,  that  if  the  longi- 
tude in  time  be  greater  than  the  time  of  culminating  nearly,  that  the 
min.  and  fee.  rcfulting  from  the  proportion,  muft  be  added  to  the  time 
of  culminating  nearly,  inftcad  of  being  fubtracled  from  it. 

Exam.  On  the  ibth  of  February^  1784,  what  time  will  Syrius  be  en  the 
meridian  of  a  place  which  is  in  longitude  166"  30'  E.  of  London  F 


Rt.  afcen.  Syrius,  1780       6''  35' 
Preceflion  for  4  years         + 


2b 
II 


Time  of  culm,  nearly         7 
Long,  in  time  1 1 

Difference  3 


5^ 
6 


36 
00 


7    H 


I  Rt.  afc.  of  Syrius,  1784  C'^  35'  39' 

Sun's  right  afcen.  22     37     10 

Time  of  culm,  rearly         7     58    29 

And  3^  7"',  4  give  4-        _^ 29 

True  time  of  ftar's  culm.   7    5<i    5S 


^0  find  if  any  Jiar  in  the  table  will  be  on^  or  near  the  meridian  at  a  giveu 
time^i  reckoned  from  the  preceding  noon. 

Rule,  To  the  given  time  add  the  Sun's  right  afcenfion  for  that  time  ; 
the  fum  (rejedling  24  hours,  if  above)  is  the  right  afcenfion  of  the  mid- 
heaven  ;  which  being  fought  among  thofe  of  the  ftars,  will  fliew  what 
ftar  will  be  on,  or  near  the  meridian  at  the  time  propofed. 


Exam.  I.  What  flar  will  be  on  the 
meridian  of  London  about  lO  o'clock  at 
night  on  the  2^th  January,  1784.^ 


Given  time  10  hours  P.  M. 
Sun's  right  afcenfion  at  noon 
And  for  10  hours  more 
Sum  (abating  24  hours) 
anfwers  to  Syrius. 


10" 
20 


o" 

3' 
2 


^    33 


Ex.  II.  On  the  icth  May,  1784, 
what  flar  will  be  on  the  mcrid.  of  Land, 
about  30  min.  after  4  in  the  ?norning  ? 

Given  time                                 id**  30' 

Sun's  right  afcenfion  ai  noon    3  12 

And  for  16  hours  more  3 

Right  afcenfion  mid-heaven    19  45 
anfwers  nearly  to  Altair. 


SECTION 
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SECTION      IV. 

Of  the  ProjeEimi  of  the  Sphere. 

135.        '  P  R  O  B  L  E  M     I. 

To  projeSl  the  fphere  upon  the  plane  ofthefoljVit'ialcolure^  or  upon  the  plant 
if  the  7neridian  of  any  place ^  thofe  planes  being  fuppofed  to  coincide. 

For  this  projedlion,  the  eye  is  fuppofed  to  be  in  the  firft  point  of  Aries, 
or  the  common  interfeiSlion  of  the  equator,  ecliptic,  and  equino6lial  co- 
lure  ;  that  being  the  pole  of  the  plane  of  projeftion,  or  primitive  circle. 
PI.  IV.  Fig.  4. 

lit.  With  the  chord  of  6o  degrees  defcribe  a  circle  PESQ^to  reprefent 
the  folflitial  colure,  the  center  of  which  V  is  its  pole.  (IV.  62) 

2d.  A  diameter  EQ^will  be  the  equator,  and  another  PS  at  right  angles 
to  it  will  fhew  the  equinoctial  colure  (IV,  60),  or  the  axis  of  the  world, 
the  extremities  of  which  p,  s,  will  be  the  north  and  fouth  poles. 

3d.  For  the  parallels  of  declination.  On  the  primitive  circle,  beginning 
at  E  and  q^,  apply  the  chords  of  the  given  degrees  of  declination,  fuppofe 
every  10  degrees,  and  alfo  the  diftances  of  the  tropics  and  polar  circlet 
from  the  equator,  namely,  23|-°  and  66|°.  Then  from  the  center  T  in 
the  axis  ps  produced,  apply  the  refpe(5i;ive  fccants  of  the  complements  of 
the  degrees  laid  on  the  primrtive  (IV.  58),  and  thefe  will  give  the  cen- 
ters of  the  correfponding  parallels  of  declination  ;  from  which  centers, 
with  the  extents  to  the  feveral  divifions  in  the  circumference,  defcribe 
the  fmall  circles  10,  10  ;  20,  20;  ijfc.  and  thefe  will  be  the  parallels  of 
declination  required  :  Among  which  a  55,  b  VS,  are  the  tropics  of  Can- 
cer and  Capricorn  ;  and  rr,  dd^  the  arctic  and  antarctic  polar  circles. 

4th.  For  the  circles  of  right  afcenfion^  or  h'Air  circles.  In  the  diameter 
EQ^  produced  lay  off  from  the  center  T  both  ways  the  tangents  of  15", 
30%  45"?  ^o°5  75%  refpe<5>ively,  and  they  will  give  the  centers  of  circles 
to  be  defcrlbed  through  p  and  s,  and  cutting  the  equator  in  the  points, 
reprcfcnting  the  24  hours  ;  the  folftitial  colure  being  the  12  o'clock,  and 
the  equinoctial  colure,  ps,  the  fix  o'clock  hour  circles.  And  in  like 
manner  may  any  other  of  this  kind  of  circles  be  drawn.  (^V.  75) 

5th.  The  ecliptic  S  VS  is  drawn,  making  with  the  equator  an  angle  oi 
'^■'iV  i  th^  poles  of  which  r,  d^  are  the  interfetftions  of  the  polar  circlei 
with  the  folltitial  colure. 

6th,  Parallels  of  ccleflial  latitude  are  drawn  parallel  to  the  ecliptic,  in 
the  fame  manner  as  the  circles  of  declination  are  drawn  parallel  to  the 
equator. 

7th.  Circles  of  celcflial  longitude  are  dcfcribed  through  f,  r/,  the  poles  of 
the  ecliptic,  in  the  fame  manner  as  the  circles  of  right  afcenfion  were  de- 
fcribed  through  p,  s,  the  poles  of  the  equator  ;  and  thus  were  the  divifions 
of  the  ecliptic  found  that  are  marked  with  the  (igns. 

8th.  The  horizon  is  reprefcnted  by  drawing  a  diameter  hr,  making  an 
angle  with  the  axis  ps,  equal  to  the  latitude  of  the  place  ;  and  the  poles  of 
the  horizon  z,  N,  the  zenith  and  nadir,  are  at  qo'-"  dift.  from  the  circle  HR. 

9th.  Jzimuthy  or  vertical  circles^  making  any  angle  with  the  meridian, 
are  dcfcribed  like  circles  of  right  afcenfion  :  Thus  zN  is  the  prime  ver- 
tical, and  '«AN  ii  another  azimuth,  45'  from  the  fouth, 

icth,  /f/w- 
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loth.  jf/micanthfrs,  or  parallels  of  altitude^  arc  in  this  projection  drawn 
parallel  to  the  horizon,  in  like  manner  as  the  circles  of  declination  were" 
drawii  parallel  to  the  equator. 

» 

136.  PROBLEM     ir. 

I0  proje£i  the  fphere  upon  the  plane  of  the  horizon. 

In  this  proje<5lion,  the  eye  is  fiippofcd  in  the  nadir,  one  of  the  poles  of 
tlae  horizon,  or  plane  of  projeiftion.     Plate  IV.  Fig.  5. 

ifl.  The  horizon  is  reprefcnted  by  the  primitive  circle,  where  the  upper 
XII  is  the  north,  the  lower  xii  the  fouth,  e  the  weft,-  and  Q^the  eaft  points. 

2d.  The  azimuth  circles  arc  reprcfented  by  diameters  drawn  through  z^ 
the  center  or  pole  of  the  horizon  :  Thus  the  diameter  xii,  xil  is  for  the 
meridian,  and  ezq^  for  the  prime  vertical  5  and  other  azimuth  circlesj 
forming  any  angle  with  the  meridian,  are  readily  drawn  by  laying  off  their 
diftances  in  the  primitive  from  the  north  or  fouth  points. 

3d.  Parallels  of  altitude  are  concentric  to  the  primitive,  and  are  dc- 
fcribed  about  the  pole  z  with  the  half  tangent  of  their  diftance  from  it ; 
Thus  the  fmall  circle,  the  diameter  of  which  is  ah^  is  a  parallel  of  altitude 
10°  above  the  horizon,  or  at  80"^  diftant  form  its  pole  z. 

4th.  The  diftance  of  the  equinooiial  from  the  zenith  is  equal  to  the  la- 
titude of  the  place,  and  therefore  this  c?rcle  makes  with  the  horizon  an 
angle,  which  is  meafured  by  the  complement  of  the  latitude  ;  then  fetting 
off  from  the  center  z  in  z  xii  continued,  the  tangent  of  50^  (the  latitude 
in  this  example  being  40°),  it  will  give  the  center  of  the  circle  eaq^,  re- 
prefenting  the  equinoctial ;  and  the  half  tangent  of  50"',  fet  the  fame  way 
from  z,  will  give  p,  the  pole  of  the  world. 

5th.  The  fix  0'' clock  hour  circle  paffes  through  the  poles  of  the  world, 
making  with  the  horizon  an  angle  equal  to  the  meafure  of  the  latitude  ; 
therefore  taking  in  the  meridian,  from  z  towards  a,  the  tangent  of  the 
latitude  40°,  it  gives  g,  the  center  of  the  fix  o'clock  hour  circle  epq^ 

6th.  The  hour  circles  pafs  through  the  poles  of  the  world,  and  make 
with  one  another  angles  of  15  degrees  :  Therefore  (IV.  55)  in  a  line  de^ 
drawn  through  o,  at  right  angles  to  the  meridian,  {'it  off  on  both  fid^s  of 
G  the  tangents  15^,  30"^,  45*^,  60°,  75°,  to  the  radius  pg,  and  they  wili 
give  the  centers  of  the  feveral  hour  circles  pa/Ting  through  p,  cutting  the 
horizon  and  equinoclial  in  the  hour  points. 

7th.  The  polar  circles^  tropics^  and  other  circles  of  declination^  are  de- 
fcribed  parallel  to  the  equinoclfal,  about  its  pole  p,  at  given  diftances 
from  it,  either  by  finding  the  centers  of  fuch  parallelsj  as  ftiewn  in  B.  IV. 
66  ;  or  by  fetting  off  on  each  fide  of  z  the  half  tangents  of  their  greateft 
and  leaft  diftances  from  z  ;  then  the  middles  of  thufe  intervals  are  the 
centers  fought.  Thus  ;  the  arctic  circle  is  diftant  from  p  23^° ;  then  to, 
and  from  zP=:5o%  add  and  take  23!°  ;  there  remain  73^°  and  26|°  ;  the 
half  tangents  of  thcfc  fet  off  from  z  give  p  and  q  ;  then  a  circle  defcribed 
on  the  diameter  pq  is  the  ar£tic  circle. 

In  like  manner  will  the  centers  of  the  tropic  of  Cancer  t  05  r,  and  of 
Capricorn  d  VS  d^  be  obtained. 

8th.  The  northern  portion  of  the  ecliptic  T  S  —  i^  defcribcd  from  a- 
center  diftant  from  z  towards  p,  the  tangent  of  73!%=  A  the  ecliptic 
makes  with  the  horizon. 

9  th.  C/r- 
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9th.  Circles  of  longitude  T  p  =^,  />  b'-.  p  U,  />  Sl,/>  "E,  are  defcribed  thro' 
p,  the  pole  of  the  ecliptic,  from  centers  in  the  line  bfc  ;  in  like  manner 
^s  the  hour  circles  were  defcribed  through  p,  the  pole  of  the  equator. 

loth.  Circles  of  cdeftial  latitude^ww  q  ix,  are  defcribed  about  p,  as  the 
circles  of  declination  were  defcribed  about  p,  the  pole  of  the  equinoilial, 

137.  PROBLEM     Iir. 

To  project  the  fphcre  upon  the  plane  of  the  equator. 

In  this  projection  the  eye  is  fuppofcd  to  be  in  one  of  the  poles  of  the 
equator,  fuppofe  in  the  fouth  pole,  and  projc(fling  the  north  hemifphere. 
Plate  IV.  Fig.  6. 

I  ft.  The  equator  is  reprefented  by  the  primitive  circle,  the  center  and 
pole  of  which  is  p. 

2d.  The  hour  circles  are  expreffed  by  diameters  making  angles  of  15^ 
with  one  another  ;  of  which  xii  p  xii  is  the  meridian,  or  folflitial  colure, 
and  VI  p  VI  the  6  o'clock  circle,  or  equinoctial  colure. 

3d.  Circles  of  declination  are  circles  parallel  and  concentric  to  the  equa- 
tor, defcribed  from  its  center.with  radii  equal  to  the  half  tangents  of  their 
fcveral  diftances  from  the  pole  p,  or  half  co-tangents  of  their  degrees  of 
declination  :  Thus  pq  the  arctic  circle,  and  a  ss  th't  tropic  of  Cancer, 
.:rc  defcribed  with  the  half  tangents  of  23v"  and  66|°  refpedlively ;  and 
fo  of  the  others. 

4th.  The  ecliptic  making  an  angle  of  23 p  with  the  equator  ^  the  tan- 
ecnt  of  thcfe  degrees  laid  from  p  towards  a  will  give  the  center  for  de- 
fciibing  the  ecliptic  Ysf^,  the  pole  ot' which  p  is  in  the  polar  circle. 

5th.  Circles  of  longitude  are  defcribed  through  />,  the  pole  of  the  eclip- 
tic, in  like  manner  as  the  hour  circles  were  defcribed  through  p,  the  pole 
of  the  equator  in  tlie  laft  problem  j  and  thus  were  the  divifions  ^,  itj 
il,  "^,  obtained. 

6th.  Circles  of  ceujlial  latitude  are  projected  in  the  fame  manner  as  the 
circles  of  declination  in  the  laft  problem. 

7th.  The  horizon  of  any  place,  fuppofe  oi'  London,  being  inclined  to  the 
equator  in  an  angle  equal  to  the  co-latitude,  38°  28''  ;  the  tangent  of  this 
laid  from  p  towards  S,  and  the  half  tangent  laid  from  p  to  z,  will  give 
the  center,  and  z  the  pole,  of  the  horizon  HOR. 

8th.  The  prime  vertical  H7.li  making  an  angle  with  the  equator  equal 
to  51°  32^,  the  latitude  of  the  place,  its  center  is  found  by  laying  the  tan- 
gent of  51°  32^  from  p  towards  o. 

9th.  Azimuth  circles^  making  given  angles  with  the  meridian  zo,  arc 
thus  defcribed  :  In  a  line  drawn  through  the  center  of  the  prime  vertical, 
at  right  angles  to  the  meridian,  take  diftances  from  that  center,  equal  to 
the  tangents  of  the  propofed  azimuth  angles,  the  fcmidiameter  of  the 
prime  vertical  being  the  radius,  thofc  diftances  give  the  centers  fought  j 
and  thus  was  the  azimuth  circle  za  defcribed. 

loth.  Parallels  of  altitude  arc  defcribed  about  z,  the  pole  of  the  hori- 
zon, at  the  diftances  of  the  co-altitudes,  in  the  fame  manner  as  the  cir- 
cles of  declination  were  defcribed  about  p,  the  pole  of  the  cquntor  in  the 
laft  problem  ;  and  thu>>  was  the  fmall  circle  v  />  vii  defcribed  at  iC°  dif- 
taucc  from  the  horizon,  or  8c°  diftant  from  its  pole  z. 

138.  PRO- 
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138.  PROBLEM     IV. 

'      r         To  projeil  the  fphere  upon  the  plane  of  the  ecliptic  * 

The  eye  is  here  fuppofed  to  be  in  one  of  the  poles  of  the  ecliptic,  ai)d 
thence  viewing  the  northern  hemifphere.     Plate  IV.  Fig.  7. 

ift.  The  ecliptic  is  here  reprefented  by  the  primitive  circle,  the  center 
of  which  p  is  its  pole. 

2d.  Circles  of  longitude  are  here  reprefented  by  diameters  ;  thofc  that 
make  angles  of  30**  with  one  another,  being  drawn  through  the  divifions 
marked  with  the  figns  of  the  zodiac. 

3d.  Parallels  of  celeftial  latitude  are  circles  dcfcribcd  about  />,  concen- 
tric to  the  ecliptic  ;  fuch  is  the  fmall  circle,  the  diameter  of  which  is  aby 
reprefenting  the  parallel  of  ic''  of  latitude. 

4th.  The  equator  making  an  angle  with  the  ecliptic  of  23!°  ;  therefore 
the  tangent  of  this  inclination  laid  from  p  towards  ©  will  give  the  center 
of  the  equator  T  xii  £:  ;  and  the  half  tangent  of  23^°  laid  from  p  the 
fame  way,  gives  p  for  the  pole  of  the  equator. 

5th.  TJoe  equino5iial  colure^  which  here  makes  \\^zflx  o'clock  circle^  makes 
an  angle  with  the  ecliptic  of  66^° ;  therefore  the  tangent  of  661°  laid 
from  p  towards  yf,  gives  the  center  of  the  6  o'clock  circle  7^  p  £::. 

6th.  Hour  circles  pafiing  through  p,  and  making  angles  of  15°  with 
one  another,  are  defcribed  from  centers,  found  in  a  right  line  pafTing 
through  the  center  of  Y  p  ^^^  and  drawn  at  right  angles  to  the  folftitial 
colure  T  /)  HT  ;  by  laying  ofF  in  that  line  the  tangents  of  15°,  30^^,  45% 
60",  75°,  reckoned  from  the  center  of  T  p  =*:,  on  both  fides,  the  femi- 
diameter  of  this  circle  being  the  radius.  Thefe  hour  circles  cut  the 
equator  in  the  hour  points. 

7th.  Parallels  of  declination^  fuch  as  the  tropic  of  Cancer,  and  the  arctic 
circle,  the  diameters  of  which  are  12,  12,  and  pq^  are  defcribed  by  laying 
ofFfrom /)  the  half  tangents  of  their  greateft  and  leaft  diftances  :  Thus  q 
being  diuant  from  p  47°,  makes  pqr=.\  tangent  of  47**,  the  middle  o^ pq 
will  be  the  center  of  the  polar  circle. 

8th.  The  horizon  HOR  is  to  make  an  angle  with  the  ecliptic  equal  to 
the  difference  between  the  co-latitude  and  the  obliquity  of  the  ecliptic, 
when  p  is  projedled  to  the~Rorth  of  p  j  otherwife  that  angle  is  equal  to 
the  fum  of  thofe  quantities.  And  for  London,  where  the  (aid  difference 
=  (38°  28' — 23°  28'=)  15°  00',  the  tangent  of  15°  00^,  gives  the  cen- 
ter of  HOR,  and  the  half  tangent  gives  z  the  zenith. 

9th.  The  prime  vertical  hzr  is  defcribed  by  laying  from  />,  towards  o, 
the  CO- tangent  oi  p%  for  a  center. 

icth.  A'z.imuth  circles  are  defcribed  through  z,  making  given  angles 
with  the  meridian  zo,  by  finding  their  centers  in  a  line  drawn  through 
the  center  of  hzr,  in  the  manner  defcribed  for  the  hour  circles,  Prob.  II. 
iith.  Parallels  of  altitude  are  reprefented  by  defcribing  fmall  circles 
parallel  to  the  horizon  hor,  at  given  diftances  from  it ;  or,  which 
comes  to  the  fame,  defcribing  fmall  circles  about  the  pole  z,  at  diftances 
equal  to  the  complements  of  the  given  altitudes  ;  And  thus  the  circle 
cdi  was  defcribed  for  a  parallel  of  33*  of  altitude. 

SECTION 
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Problems  of  the  Sphere, 

139.  ^  P  R  O  B  L  E  M      V.  Pl.V, 

Given  the  Sun's  longitude,  and  the  obliquity  of  the  ecliptic; 
Required  the  Sun's  right  afcenfion  and  declination. 

Exam.  Let  the  obliquity  of  the  ecliptic,  or  the  Sun's  great ejl  declinjticn, 
if  43°  zS''}  and  the  Sun's  place  13°  1 6^  in  Taurus  :  Required  the  rejl. 

Construction. 
In  the  primitive  circle  pesq^,  reprefenting  the  folftitial  colure,  the  center 
ofv/hich  is  y,  drav/ a  diameter  EQ^for  the  equator,  and  at  right  angles  to 
EQ^draw  a  diameter  ps  for  the  equinoclial  colure  :  Make  e  35  =23"^  28'', 
and  draw  a  diameter  05  "^  for  the  ecliptic,  in  which  (IV.  71.)  take  r  .;  = 
43°  16' for  the  Sun's  diftance  from  the  point  T  :  Through  pQs  defcribe 
a  circle  of  right  afcenfion. 

Computation.     See  Book  IV.  art.  130,  131. 
In  the  right  angled  fpheric  triangle  y  ®  b. 

Given  Sun's  longitude  T®     =  43'^  16' C  Req.  right  afcen.  VB, 

Obliquity  of  the  Kclip.    /.0Tb   =:   23  28  |  declin.  b^. 

To  jind  the  declination.  |  To  find  the  right  afcenfion. 

As  Radius  ■=.  R  lo.'^coool  As  Radius  m   r  io.coooo 

To  f.  Sun's  Ion.  =  43°  «6'  9.S3594  |  To  t.  Sun's  Ion.  =  43°  16'  9,9737  t 
Sof.  ob.  cclip.  =  23  2S  9,60012  jSo  co-f.  obi,  eel.—  23  28  9,962^1 
To  f.  Sun's decl.rz   15   50       9,43006  ,  To  t.  rt.  afcen.  ■=.  40  48       <^,cj^/zz 

140.  While  the  Sun  is  moving  from  T  to  ^,  or  is  in  the  firil  quadrant 
of  thcec]iptie,the  given  longitude  is  the  hypothcnufc  in  the  triangle  Y  0n, 
the  declination  BQis  north,  and  T  b  is  the  right  afcenfion. 

When  the  Sun  has  part  the  roUlice  ^,  and  is  defcending  towards  t^-,  he 
is  theii  faid  to  be  in  the  fecond  quadrant,  and  his  longitude  or  diflance  from 
T  being  taken  from  180°,  the  remainder  r^.  ©becomes  the  hypothenule, 
and  the  declination  is  (till  north  j  but  the  arc  b  •^  found  for  the  right 
afcenfion  is  only  the  fupplement,  and  mufl  therefore  be  taken  from  1 80°. 

The  Sun  having  part  the  point  jt^,  and  defcending  towards  "vy  has  got 
into  the  third  quadrant  ;  the  longitude  theri,  reckoned  from  7",  will  1)3 
greater  than  180'^  :  In  this  cafe  the  excefs  above  i8o',  or  the  diftance  th^ 
Sun  is  removed  from  £s,  v/ill  be  the  hypothcnufe  r^  0  ;  the  deciinatioii 
will  be  foul h  J  and  the  ajc  =^  a,  found  for  the  right  afcenfion,  muft  b^ 
added  to  i8c°,  to  give  liic  right  afcenfion  efiimatcJ  from  y. 

When  the  Sun  has  paft  the  folfi:ice  \y,  and  is  afcending  towards  v,  hz 
is  tlicii  in  the  fourth  qua  !rant ;  therciorc  tl:j  longitude  is  greater  thin 
ajc,  and  mufi:  be  taken  from  36'.",  to  give  ih.e  hyu(;thcn',ife  ;c:  O .  Here 
the  declination  is  fot'.-.h,  ?s.'s  tin.  right  afcenfion  -i^.  A,  found  by  the  pr.->por- 
tion,  niuit  be  taken  from  360"%  to  give  ttic  li^lit  aiccnfion  iVo.n  k\ 

At  cqunl  dilbiices  from  the  equinoccini  points  >' or  -^^  th:  .Sun  v.iii 
have  cqu-il  quantities  of  declination  \  but  v.  lil  be  of  diiforc  ::t  r:a!ii;-i-,  ac-- 
cording  as  it  is  on  the  r.ortii  o;:  louth  fij.es  ci  tli<;  5C-i:r.jai.;i. 

Vci,.  I,    -  Q,  141,  Pil^. 
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PROBLEM    VI. 


Pl.V. 


Given  the  obliquity  of  the  ecliptic,  and  the  Sun's  declination  ; 
Kcquired  the  Sun's  longitude  and  right  afcenfion. 
Exam.  The  obliquity  of  the  ecliptic  ^  bein^  i;^  28',  what  is  the  Sun*s  Itn^i" 
iudc  and  right  afcenfion  when  he  has  20°  43'  of  north  declination  F 

Construction. 
tlaving  defcfibcd  the  foillitial  colurc,  and  drawn  the  equator  eq^,  the 
JDcis  PS,  and  the  ecliptic  S  yf,  as  before  j  make  e«,  q«,  cqu;d  to  the  given 
declination,  and  (3d  133)  defcribe  the  parallel  of  declination  nn,  its  in- 
tcrfecEtion  with  the  ecliptic' gives  O  the  Sun's  place;  through  P,  O,  s, 
defcribe  the  circle  of  right  afcenfion  p  0  s. 

C  O  M  r*  U  T  A  T  I  O  N. 

In  the  right-angled  fpheric  triangle  y  Oc 
Given  the  ob.  eclip.  Z.  <<)  T  b   =   23°  28'  1  Required  Sun*s  long.  Y  0. 
the  Sun's  decl.         O  B   =  20  43   j  rt.  afcen.  Y  b. 


To  find  the  SupJ's  longitude. 
As  f.oblKi.  eclip.  — 23°  28'      0,^9988 
Tofin  Sua'sdecl.rrzo  43        9.54.869 
J>o  radius  z::r.  10,00000 


To  fin. 01ongu.=:62  40       9,94857 


To  find  the  Sun^s  right  afcenfion. 
A 9  Radius  izR  i6,occc(S- 

To  co-t.obl.  eclip.  =123°  28'  10,36239 
So  tan.  Sun's  dee.  rzzo  43     9>S1TJZ 

To  fin.  ft.  afcen.   :z:6o  36     9,940^ 


Therefore  the  Sun  is  in  H  2°  40^,  or  in  S  27°  20'',  according  as  the 
time  of  the  year  is  before  or  after  the  fummer  folftice. 

142.  PROBLEM     VII.  PI.  r. 

Given  the  obliquity  of  the  ecliptic,  and  the  Sun's  right  afcenfion  j 
Required  the  Sun's  longitude  and  declination. 

Exam.   JVhen  the  Suns  right  afcenfion  is  Gc  31'',  what  is  the  longitude 
end  prefent  declination.,  the  obliq.  of  the  eclip.  being  23"  iW  F 

Construction. 
The   folflitial  colure,  equator,  axis,  and  ecliptic  being  defcribed  as 
before,  make  Y  b  =:  given  right  afcenHon  (4th  133),  and  defcribe  ther 
ci:c!c  PBS,  cutting  the  ecliptic  in  O  the  Sun's  place. 

Computation. 
In  the  right-angled  fpheric  triangle  T  0  B  j  the  leg  V"  B  and  Z  O  T  » 
being  known,  the  hvpoth.  y  O,  and  other  leg  Ob,  are  found  as  in  art. 
137,  138.  Book  IV^' 


As  Rad.  .  co-f.  ob.  eclip.  :  :  co-t.  rt. 

[;.r.  :  co-t.  0  long. 

As  Rad.  :  co-f.  Xj"  2b'  :  :  co-t.  60"  3 1 ' 

[:co-t.  62"  35' 


.As  Rad.  :  tan.  obi.  eclip.  :  :  fin.  rt. 

[af.  :  tan.  decl. 

As  Rad.  :  tan.  23°^  28'  :  :  fin.  60°  3  i' 

[:  tan.  20°  42' 


■•  Three  other  problems  may  be  formed  out  of  the  four  things  concerned, 
or  obliquity  of  the  ecliptic,  declination,  longitude,  and  right  afcenfion  : 
But  thefe  being  of  little  more  importance  than  as  an  exercife  for  right- 


^i^lcd  fpheric  triangles,  they  are  tJiereforc  omitted. 
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143.  PROBLEM     VIII.  PI,  V. 

Given  the  latitude  of  the  place,  and  the  Sun's  declination  ; 
Required  the  Sun's  altitude  and  azimuth  at  6  ofclock. 

Exam.  At  London^  in  lat.  51°  32^  M,  on  the  longeji  day^  when  the  Bun'' s 
declination  is  23°  1^' :  R^quirefi  the  Sun's  altitude  and  azimuth  at  6  o'clock 
in  the  morning  or  evening. 

Construction. 
Defcribe  the  meridian,  draw  the  horizon  HR,  and  prime  vertical  ZN  ; 
make  Rpzrlatjrude  51°  32''  N.  ;  draw  the  6  o'clock  hour  circle  PS,  the 
equator  eq^,  the  23°  28'  N.  parallel  of  declination  n  m,  cutting  the  6 
o'clock  hour  circle  ps  in  O  ;  and  through  z,  O,  N,  defcribe  the  azimuth 
circle  z  O  Nj  cutting  the  horizon  in  a  ;  then  the  things  given  and  re- 
quired fall  in  either  of  the  triangles  z  O  P  or  T  Q  a,  they  being  fupple- 
mental  triangles  one  to  the  other. 

Computation.- 
In  the  fpheric  triangle  z  O  p,  right-angled  at  p. 
Given  the  co-latit.   zp  =  38°  28' l  Required  the  co-altitude     z    ©. 
the  co-dccl.  ©p  — 66    32  3  the  azimuth    z.  O  ZP. 

Or  in  the  fpheric  triangle  V  A  O,  right-angled  at  a. 
Given  the  latit.  a  T  0=51°  32'  )  Required  the  altitude  a©. 

Y  0=23    -" 


the  decl.       Y  O  =23   28 

To  find  the  altitude  A  O  . 

As  RadiiM  =:    R  10,00000 

Tofm.  dec).     =r  23°  28'      9,60012 

Sofin.lar.         =   5^    52       9589375 


To  fin.  ah. 


—    iS    10 


9.4938: 


J  the  co-azimuth    7"a. 

To  find  the  azimuth  aiu 
As  Radius  ir   R.  10,00000 

To  co-f.  lat.      ■=.   51"  32'     9.793S3 
So  tan.  decl.      n:   23    28        9,63761 


To  co-t.  azim. 


74   S3       9.43'44 


For  the  arc  ar  mcafurcs  the  Z-Rza,  the  azimuth. 


(IV.  9) 


T4.4.  On  the  (horteil  day  at  London,  the  parallel  of  S.  declination  cuts 
the  6  o'clock  hour  circle  below  tie  horizon  ;  and  as  the  triangles  T  A©, 
Y^Oj  ^r<^  congruous,  the  deprcifion  below  the  horizon,  on  the  fhorteft 
dav  at  5  o'clock,  will  be  equai  to  the  altitude  at  the  fame  hour  on  the 
longeft  day  ;  and  the  azimuth  will  alfo  be  equal,  if  eflimated  irom  the 
fouth. 

So  that  on  the  211!:  of  June,  at  London,  the  Sun  will  bear  N.  74* 
53'  E.  at  6  o'clock  in  the  mornin;^,  and  N.  74°  53'  \V^  at  6  in  the 
evening;  but  on  tl-e  i\'\  of  December,  at  the  fame  hours,  it  will  bear 
S.74«53'K.,  andS.7V^53'W. 

rrom  a  due  confideratior.  of  this  Problem  !t  is  evident,  that  as  the  de- 
clination increafos,  tlie  a'ritude  incrcafes  aivj  the  azimuth  Icd'ens  ;  ani 
the  contra.'-y  happens  whi!j  the  declination  i--;  diminifhing  :  So  that  oii 
the  days  of  the  cqunmxes,  on  which  the  Sun  hss  no  declination,  the  alti- 
tude at  o  o'clock  v.'ill  be  nothiivr,  or  the  Suii  will  t;e  in  the  horizon  •,  and 
the  aziin'.ith  being  then  vp  degrees,  the  Sun  will  be  due  eaft  in  rhc  morn- 
ing, and  v/cll:  in  the  cvcfjing  ;  that  is,  on  the  da\s  of  tlie  equinoxes  the 
Sun  riils  zn'^,  fcf;  at  fix,  in  the  eaft  and  v.-eft  p-jir.ti  of  tlic  horizon. 


0.2 
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J45.  P  R  O  B  L  E  M     IX.  PI.  V, 

Given  the  latitude  of  the  place,  and  the  Sun's  declination  ; 

Required  the  altitude  and  hour  when  the  Sun  is  due  eafl:  or  weft.  .„ 

I 
Exam.   jIi  London^  in  latitude  51°  32^  jV.,  what  is  the  Sun's  altitude,      i|i| 

and  the  hour  ivhen  he  i^  due  enjl  or  xvef}^  en  the  -longeji  day^  or  when  tht'  de- 
clination is  23"^  28'  N.  ? 

Construction. 
•  Dcfcrlbc  the  primitive  circle  to  reprefcnt  the  incridlan-of  London, 
draw  the  horizon  iin,  and  the  prime  vertical  ZN  ;  make  rpz=5i°  32^, 
the  given  latitude,  draw  the  6  o'clock  hour  circle  ps,  the  equator  eq^, 
the  parallel  of  declination  nm  (3d  135),  cutting  the  prime  vertical  in  O, 
and  through  pQs  dcfcribe  (11.  72)  the  hour  circle  pQs,  cutting  the 
cqijator  in  a. 

Htrc  the  things  concerned  in  the  Problem  fall  in  either  of  the  friangleS 
pzO  or  Tag. 

Computation. 
In  the  fpheric  triangle  PzQ,  right-angled  at  z. 
.    Given  the  co-latit.  rz=:3S°  28^  v Required  the  co-altitude  zo 

the  co-decl.pO  — ^6   32   j  the  hour  fr.  noon  ZiZpO* 

.    Or  \n  the  fpherical  triangle  TAG)  right  angled  at  A. 
Given  the  btit.  Z-aTg  =51°  32''  1  Required  the  altitude  TG. 

the  decl.         aG  ==23  28  \  the  hour  after  6       7"  a. 

Tafind  the  altitude  T  G  •  [  To  find  the  hour  after  6. 

As  f.  lat.A  A  V  G=5i'^  32'     0,10625  j  As  Radius  zz.'a.  io,coooo 

To  fin.  decl.  aG:=23    2S      9,60012    Toco-t. lat.  aYG  =5 1*^32'   9,90009 


So  Radius  =:r.  io,cooco 


To  fin.  sit.  yG— 30  34.     9,7063; 


So  tan.  decl.    AG  =^23  28     9,63761 
To  f.  h.  fr.  6.  Ar=:2o  11     9,5- 


Which  2G°  II''  converted  into  time  (132),  gives  i  h.  20  m.  44  s.  for 
the  time  after  6  in  the  morning,  and  before  6  in  the  evening,  when  the 
Sun  will  appear  due  eaft  or  welt ;  w*hich  wiil  be  at  7  h.  20  m,  44s.  iri 
the  morning,  and  4  h.  39  m.  16  s.  in  the  afternoon* 

Or,  the  compl.  of  20°  11',  viz.  69°  49^  put  into  ttme,  which  gives 
4  h.  39  m.  16  s.,  {hews  the  time  before  and  after  noon,  when  the  Sun 
will  be  due  cafl  or  weft. 

146,  This  Problem  worked  for  the  (horteft  day,  namely  in  the  A  V^G> 
which  is  congruous  to  7" AG,  would  give  the  Sun's  depreffion  at  the 
time  when' he  v/as  eaft  or  weft,  which  would  be  before  6  in  the  morn- 
ing, and  after  6  in  the  evening,  by  as  much  as  was  found  above,  viz. 
J  h.  20  m.  44  s. 

By  this  Problem  it  appears,  that  when  the  latitude  of  the  place,  and 
the  Sun's  declination,  have  the  fame  name,  then,  the  greater  the  declina- 
tion and  latitude,  the  greater  the  altitude  and  time  from  6  :  and  having 
contrary  names,  the  fame  things  happen  j  but  with  this  difrercncG,  that 
in  the  former  cafe  the  days  lengthen  on  account  of  the  incrcafe  of  the  la- 
titude and  declijiationi  whereas  in  the  latter  cafe  the  days  fliortcn  on 
that  account, 
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PROBLEM    X. 


PI.  V. 


Given  the  latitude  of  a  place  and  the  Sun's  declination: 
Required  his  amplitude  and  afcenfional  difference. 


Exam.  At  London^  lot.  $1°  32''  A^.  on  the  21/?  of  June,  being  the  longefi 
day,  when  the  Sun's  declination  is  23°  28' iV.  How  Jar  from  the  north  does 
the  Sun  rife  and  ft,  at  what  time,  and  what  is  the  length  of  the  day  and 
night  F 

'    Construction. 

Let  the  primitive  circle  reprefent  the  meridian.of  the  place,  and  the 
diameter  hr  the  horizon  ;  from  R,  the  north  point,  take  Kv  =  s^°  3-'  ^"^ 
the  latitude,  draw  the  axis,  or  6  o'clock,  hour  circle  PS,  and  at  right  angles 
to  it  draw  the  equator  eq^;  make  e«,  Qni  —  2^°  28',  the  declination,  and 
(3d  135)  del'cribe  the  parallel  of  declination  n  fn,  cutting  the  hori/on  in 
(?>,  the  place  of  the  Sun  at  its  rifing  and  fetting  ^  through  wJiich  deicnbe 
(IL  72)  the  hour-circle  p  (•;  s. 

Computation. 

Now  as  the  arc  qr— co-latitude,  meafures  the  Z.QJV^R. 

In  the  fpheric  triangle  T  ;•)  A,  right-angled  at  a.  ^ 

Given  Sun's  dccl.        a3   —  23°28^  ^Required*  tlic    amiilituJe    T  (?) 
co-latit;   4. AT"  0  =38  28  J  the  afcen.  dift.  y-  a. 


As  fin.A  V'0,co-I.r=38°  2S'  0,20617 
To  iln.  decl.  A  O  ^^~3  28  9,60012 
So  RaJias  zzs.  10,00000 


To  fm.  amp.  YO  — 39  4^     9, '^0629 


To  fnd  the  amplitude  f  O  • 

This  39°  48''  is  the  amplitude  rec- 
koned from  the  eaft  or  weft  points  of 
the  horizon  :  But  its  complement 
50°  I2''ihews  how  far  from  the  north 
the  Sun  rifes  or  fcts  on  the  longell 
;  d.iy  at  London. 

To  find  the  afenfonal  difference  T  h. 

As  Radius  =:r  10,00000 !  Which  33°  07^  converted  into  time 

Tot.  lat.Z.p  Y0=5i°32'  10,09991    (132)  a,ves2h.  12  m.  28  s.  for  the 
So  tan.  dccJ.  a  Q  =23   2*^      P-^S?^'    time  which  the  Sun  rifes  before,  and 

T'    r    r  J-/T-  -,.,  ^^^"^    after,  the    hour  of  lix  on  the 

loi.al.dirr.  Va  rri?   07      q,-;  xiz.z  1    „^,  a   i 

•  ii     I      ^^lij^)     iongelt  day. 

Suppofe  rs  to  be  a  parallel  of  declination  as  far  fouth,  as  ;;;  n  is  north  ; 
tlicn  the  h'jur  circle  pus,  paffing  thioagh  ®  the  place  of  the  fun  at  its 
rifuig  or  fctting,  will  form  a  triangle  Y  0  Br=AT  ®  A,  vvhere_thc  ampli- 
tuJe  !b  to  the  Southward  of  the  eaft  and  weft  points. 

148.  Mcnc?  it  is  evident,  that  when  the  latitude  and  dcdinati'jn  havp  the 
fur.':  iiainr^  i'i.\-  Sun  iifs  before,  and fts  after  6  .•  But  .'.h^nt  hry  arc  of  eon^ 
irnry  r,uir,i,i,  \'ic  Sun  rifes  after .^  and ft^  befrc  6, 

0,3  i.19.    And 
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149.  And  as  the  Sun  defcribes  the  parallel  of  declination  n  m'ln  24. 
hours,  being  at  wwhen  it  is  noon,  and  at  ot  when  it  is  midnight;  therefore 
the  time  in  pafling  from  772  to  r«\  or  the  time  of  rifmg  being  doubled, 
gives  the  length  of  the  night  j  and  the  time  of  fetting  being  doubled,  muft 
give  the  length  of  the  day. 


Then  to,  and  from 

Add  and  fubtradl  the  afcen.  difT. 

Sum,  gives  ©  fetting 

DifF.  gives  ©rifing 

Length  of  day  is 

Length  of  night  is 


6**     o"     o*. 
2      12      ;8 


8 

12 

28 

3 

47 

32 

16 

2+ 

S6 

7 

35 

04 

But  when  it  is  the  fhortcft  day  at  London,  which  is,  when  the  Sun  has 
23°  28''  fouth  declination  ;  then  the  lengths  of  the  day  and  night  change 
places  J  the  day  being  7  h.  35  m.  04  s.  long,  and  the  night  16  h.  24  m. 
56  s.  ^ 

150.  When  the  latitude  and  declination  have  the  fame  name,  the  diffe- 
rence between  the  right  afcenfion  and  the  afcenfional  difference,  is  the  ob- 
lique afcenfion  j  and  their  fum  is  the  oblique  defcenfion.. 

But  when  they  are  of  contrary  names,  their  fum  is  the  oblique  afcenfion, 
and  their  difference  is  the  oblique  defcenfion. 

151.  When  the  declination  is  equal  to  the  co-latitude  of  anyplace 
(which  can  only  happen  to  places  v/ithin  the  polar  circles),  than  the  pa- 
rallel of  declination  will  not  cut  the  horizon,  and  confequently  the  Sun 
will  not  fet  in  thofe  places  during  the  time  his  declination  exceeds-the  co- 
latitude  :  And  the  fame  may  be  friid  of  all  thofe  liars,  the  polar  diftance 
of  which  is  lefs  than  the  latitude  of  the  place  ;  or,  which  is  the  fame 
thing,  that  have  declinations  lefs  than  the  co-latitude,  for  thofe  flars  will 
never  defcend  below  the  horizon  of  that  place.  But  this  is  to  be  under- 
flood  only  when  the  Sun  or  ftars  arc  in  the  fame  hemifphere  with  the  given 
pkce  ;  for  when  the  Sun  or  ftars  are  in  a  contrary  hemifphere  to  any  place, 
the  co-latitude  of  which  does  not  exceed  the  declination  of  thofe  celeflial 
objects,  then  they  v/ill  never  rife  above  the  horizon  of  that  place,  and  con-. 
ftquently  are  never  vifible  there. 
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152.  P  R  O  B  L  E  M    Xr.  Pl.V. 

Given  the  latitude  of  a  place,  the  Sun's  declination  and  altitude  j 
,  Required  the  hour  from  noon,  and  the  Sun's  azimuth. 

Exam.  In  the  latitude  of  $1°  32''  N.  the  Sun's  altitude  was  obfervedto  If 
£^(f  %o\  when  his  declination  was  23°  lW  N.  What  was  the  Suns  azimrith, 
and  the  hour  when  the  obfervation  was  made  F 

Construction, 
Let  the  primitive  cifvie  zrnh  reprefent  the  meridian  of  London,  hR. 
the  horizon,  zn'  the  prime  vertical ;  make  RP=:5i°  32^  the  height  of  the 
pole  at  London  ;  draw  the  axis  ps,  and  the  equator  EQ^;  lay  off  the  declina- 
tion E«,  qm^  23"  28^  N.  the  altitude  Hr,  rj,  46''  20^ ;  and  (IV.  68)  dc- 
fcribe  the  parallel  of  declination  n  m^  and  the  parallel  of  altitude  rj,  cut« 
ting  one  nnother  in  0 ,  the  place  of  the  Sun  at  that  time ;  through  z,  O ,  K, 
defcribe  an  azimuth  circle  zGn,  and  through  p,  O,  s,  defcribe  an  hour 
circle  P0  s  :  Then  the  angles Qzp,  0  pz,  being  meafured  (IV.  72},  will 
give  the  azimuth  and  hour  from  nobn  required. 

Computation. 
In  the  oblique-angled  fpheric  triangle  p  0  z. 

Given  the  co-latitude  ~  zp  =  38"  28'' 1  Required  the  azim.  A  0  ZP 
the  co-alt.  or  zen.  difl:.z0r:43  40  >and  the  h.  fr.  noon  Z.  C-:  vz, 
the  co-dec.  or  pol.  diff.0p=:66  32  3  See  art,  16;^.  Book  IV, 

To  find  the  azi?7}uth  Z.  ®  zp. 

Then  Co-ar.  fin.  co-!at.  ==38'' 28'    0,20617 

Co-ar.  fin.  co  alt.  ^^43  4°     0.16086 

Sin.  §  fum  co-decl.  &  d  rrcjj   52 
Sin,  ^  difl'.  co-decl.  &  0^:30  40 


Here  20=43"  4°' 
-    zrz=38  28 


r0  —  zpz:   5   i2rrD 
p(»  =66  32 


2)- 


71  44 


61 


3>    52 
30  40 


:6-/9z 


'O761 


The  fum  of  the  four  logs. 
The  |-  fum  gives  56°  3i{' 


19,84245 


9,92125 

Which  doubled,  gives   113"  03'  for  the  azimutli 
fought,  reckoning  from  the  north. 

To  find  the  hour  from  noon^  Z.  0  PZ. 
Here  P0=66o  32'  Then  Co-ar.  fin.  co-decl.  =66032'    0,03749 

pz=:38   28  Co-ar.  fin.  co-lat.  =38   z8     0,20617 

Sin.  T  fum  co-alt.  &  d     ^^35    52     9,76782 
Sin.  I  diff.  co-alt.  &  d     =  7  48 


^0 PZ  =  2»       4  =  D 

0z=43  40 


2)- 


44 


5   3 


35°  52 


The  fum  of  the  four  logs. 
The  {  fum  gives  21°  55' 


9,13203 
19,14411 


9'5 


-2C6 


This  doubled,  gives  43°  50'  for  the  meafure  of  the 
hour  from  noon,  which  is  2  h.  55  m.  20  s. 

Flcnce  it  appears,  that  the  obfervation  was  made  either  at  9  h.  4  m.  40  s. 
in  the  morning,  or  at  2h.  55  m.  20  s.  in  the  afternoon. 

The  azimuth  being  fixik.  found,  the  hour  from  noon  might  have  been 
found  by  the  proportion  between  oppofite  fides  and  antics. 

0.4  Had 
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Had  the  declination  and  latitude  been  of  contrary  names,  the  fame  kind 
of  operation  would  have  been  ufed  to  find  the  things  required,  only  the 
fide  (ij  P  would  have  been  obtufe  ;  by  adding  thedeclinat.  to  90°,  inftead  of 
fabtrading  it,  a?  in  the  cafe  of  the  lat.  and  dccl.  having  like  names. 

J53.  PROBLEM    XII.  PI.  V. 

Given  the  latitude  of  the  place,  and  the  Sun's  declination  ; 
Required  the  time  when  the  twilight  begins  and  ends. 

Exam.  Jt  what  time  does  the  t-ivi light  begin  and  end  at  London,  when  the 
Sttn's  declinaiivn  is  l^^  \l'  N.  the  latitude  of  the  place  being  ^i"  ^i'  N, 

Construction. 
Let  the  circle  xrnh  reprefent  the  meridian  of  the  place,  HR  the  hori- 
zon,zn  the  prime  vertical,  and  ts  the  Crepufculum,  orfmall  circle  parallel 
to  the  horizon  defcribed  at  i8  degrees  below  it  (IV.  68)  ;  lay  oK  the  lati- 
tude RP,  draw  the  axis  ps,  the  equator  eq,  and  defcribe  the  parallel  of 
declination  n  tn,  and  where  «  fn  cuts  t  s  \n  0,  is  the  Sun's  place  at  the  time 
of  the  beginning  or  end  of  the  twilight ;  through  ®  defcribe  (II.  72)  the 
vertical  circle  z®  N,  and  the  hour  circle  p  ^  s  ;  then  thez.zp  0being  mea- 
fured  (IV.  72)  vv^il)  give  the  time  before  or  after  noon  as  required. 

Computation, 
In  the  oblique-angled  fpheric  trianglii  z  ®  p. 

"  Given  the co-lat.  zp=  38°  28' 0  Req.  the  hour  from  noon=z.zp0 
the  polar  dift.  Pr=:  74  48  ^  The  manner  of  folution  is  the 
the  zenith  dift.  zjjn:  108  00  J  famt  as  in  laft  Problem. 


IIerep?=  74°  4S' 
rz=  38  28 


FT — PZ=  36  20: 

^      (TZ— 108  00 

144  20 
-  >   _..   .. 

72°  10 

"J 

71  4c 

^^5  ;o 

Then  Co-ar.  fin.  polar  dift.       =:74."4S' 0,01  547 
Co-ar.  fin.  co-latit.  ^=3^   28  0,20617 

Sine  f  Cum.  of  zen.  d.  &  0=1:72    10  9,97861 
Sine  £  difF.  of  zen.  d.  &  DZ135   50  9,76747 

The  fum  of  thefe  four  logs.  19,96772 

The  half  fum  gives  74°  i%^i  9,98386 

Which  doubled,  gives  148°  57'  forZ.zpV;. 

And  14S"  57''  reduced  to  time  gives  9h.  55  m.  48  s.  either  before  or  after 
noon  ■  that  is,  the  twilight  begins  at  2h.  04  m.  12s.  in  the  morning,  and 
ti.uj  at  9h.  55  m.  4^  "i^yw  the  evening  on  the  given  day,  at  London. 

154.  When  the  declination  becomes  greater  than  the  difFerence  be- 
tween the  co-latitude  and  18  degrees,  then  fhe  parallel  of  declination  n  m 
V.  ill  not  cut  the  parallel  f  j  18  degrees  below  the  horizon,  and  confe- 
ijuently  i»t:  that  time  there  will  be  no  night  ;it  that  place,  but  the  twi- 
light will  continue  from  Sun-fetting  to  Sun-i  ifing  ;  and  on  this  account  i^ 
is,  that  from  the  22d  of  May  to  the  21ft:  of  July  nearly,  there  is  no  total 
cia;kncfs  at  London,  the  Sun's  (icclinatioiuiuring  tliat  interval  being  greater 
th;ui  20"  28^,  which  is  the  difference  between  18'^  and  38"  28',  the  comple- 
li.uiit  of  the  latitude^ 
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155.  PROBLEM    XIII.  PI.  V. 

Given  the  time  of  the  year,  the  latitude  of  a  place,  and  the- altitude  o£ 

^  known  fixed  ftar  j 
Required  the  hour  of  the  night  when  the  obfervation  was  made. 

Exam.  Some  time  in  the  nighty  en  the  I/?  of  Seftember  \']%0y  fuppofe 
thejlar  Ariiurus^  the  declination  of  which  is  20^30'  N.jhould  he  obferved  at 
Lotii^vn  to  be  I'-f  li.'  abuVe  the  horizon  :  At  what  hour  would  tJie  obfcrua- 
tion  be  made  F  .  ' 

Construction. 
Defcribe  the  meridian  of  the  place,  draw  the  horizon  hr,  the  zenith 
and  nadir  of  which  are  z  and  N,  and  defcribe  the  parallel  of  altitude  rs  at 
27°  12'  above  the  horizon  ;  take  p  the  north  pole  51°  32'  above  the  ho- 
rizon for  the  latitude  of  the  place,  and  s  the  fouth  pole  as  much  below  the 
horizon  ;  draw  the  equator  eq^,  and  defcribe  (3d  135)  the  liar's  parallel  of 
declination  n  m  ;  and  where  this  parallel  n  m  cuts  the  former  r  i  in  #,  ii 
the  pofition  of  the  liar  at  the  time  of  obfervation  ;  defcribe  (II.  72)  the 
vertical  circle  z  #  ?:,  and  the  hour  circle  p  ^  s,  and  the  angle  zp  #  beiyg 
meafured  (IV.  72J  gives  the  hour  from,  or  to,  the  time  of  the  ftar's  cul- 
minating. 

Computation. 
In  the  oulique-angled  fpheric  triangle  v  -^  t.. 
Given  the  co-latitude  pz  =38'  28' 
the  co-altitude  z*  rr  62    48 
the  polar  difl.  *  p  =69    30 


Required  /_  zp  :¥,  or  the  hour 
from  culminatmg. 


Here  p#  =69^ 
pz=:3.S 


30 
28 


2)- 


93 


v(r. 


Then  Co.  ar.  {in.  co-lat.  =38° 

Co.  ar,  fin.  pol.  dift.  rr6g 
Sin.  £  fum  zcn.  dilh  &  0  =  4.6 
Sin.  V  difF.  zen.  dift.  &  d:=i5 

The  fum  of  the  four  logs. 

The  \  fam  gives  35°  51' 


28'  0,20617 

30  0,02841 

55  9.86354 

S3  9>437H 

1903536 

9,76768 


'Which  doubled,  gives  71°  42'; 
This  7i-  42' turned  into  time  (132)  gives  4h.  46  m 
which  has  clapfcd  ilnce  the  flar  was  on  the  meridian. 

Now,  at  the  time  of  obfervation,  September  ifl,  1780. 
The  right  afcenficn  of  Arftorus  was  I  4'' 

The  right  afcenfion  of  the  fun  at  noon  f  10 


Time  of  culminating  nearly 

And  2}.*"  is  to  3'  37'  as  3*^  z\\  is  to 

The  flar  fouth?,  or  culminates  at 

'i  he  time  that  the  ftar  has  paffed  the  meridian 


48  s.  for  the  time 


(133) 


5 

4+ 


4.- 

34 


The  fum  is  the  hour  of  the  night 


+  .\.lronomical  ublcj  at  the  end  of  Bock  V. 


3 

21 

08 

30 

3 
4 

2D 

46 

3^ 

4S' 

8 

07 

26  P.  u. 

And 
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And  whether  to  fubtra£t  or  add  will  always  be  known  by  the  ftar's 
being  in  the  caftern  part  of  the  horizon,  or  afcending ;  or  by  being  in  the 
weileru  part  of  the  horizon,  or  defccnding. 

156.  PROBLEM    XIV.  Pl.V. 

Given  the  obliquity  of  the  ecliptic,  and  a  ftar's  right  afcenfion  and  de- 
clination ; 
Required  its  latitude  and  longitude. 

Exam.  fVbat  is  the  latitude  and  longitude  of  a  Jiar^  its  right  afcenfion 
heing  16  h.  14  w.,  its  declination  25°  51'  A^.,  and  the  obliquity  of  the  ecliptic 

C  0  N  S  T  R  UX  T  I  O  N. 

Let  the  primitive  circle  reprefent  the  folftitial  colure,  in  which  dra\* 
the  equator  eq^,  mark  its  poles  p,  s,  and  defcribe  (3d  135)  the  parallel  of 
the  ftar's  declination  n  m. 

The  right  afcenfion  16 h.  14  m.=:243°  30',  which  being  63°  30'  above 
180°,  falls  in  the  third  quadrant ;  therefore  make  (IV.  75.)  Y  ^=63°  30', 
defcribe  (4th  135)  the  circle  of  right  afcenfion,  cutting  the  parallels  7n 
in  :Jf ,  the  point  of  the  heavens  reprefenting  the  flar. 

Make  e'SzzZ'^  28',  the  obliquity  of  the  ecliptic,  draw  the  ecliptic 
S  V5,  find  its  poles  p,  q^  and  through  p,'^',  q  defcribe  a  circle  of  longi- 
tude;  then  the  arc  ^  5(c  meafurcd  (IV.  70)  will  give  the  co-latitude,  and 
theZ.P/»  ^  will  ftiew  the  longitude. 

Computation.  ' 

In  the  oblique-angled  fpheric  triangle  pv^. 
Given  the  obliq.  ecliptic  pv    =   23°  28'  1  Required  the  co-lat.  p  ^. 
the  co-declination  p^   =   64    09   ?•      and  the  longit.  Z.  p^  *, 
the  right  afcen.z./>P*  =243    3°  ^  See  art.  150,  151.  B.  IV. 

To  fnd  the  latitude. 


As  Radius  =  r 

To  co-f.  rt.  afc.  =126°  30' 
So  tan.  co-decl.r=64  09 

To  tan,  4th  arc  =61     34 
Obi.  edipt.        =123    28 

Fifth  arc  =:38    06 


As  fine  5th  arcrr  38°  06' 
To  fine  4th  arc :=  61  34. 
So  tan.  rt.  afc.  :r:  26    30 


lOjOOOCO 

9.95179 
10,31471 


10,26650 


As  co-f.  4th  arcr=6i''  34'  0,32227 
To  co-f.  5th  arc  ==3 8  06  9)89594 
So  fine  decl.       =25     51        9,6395« 


To  fin.  lat.         :=46    c6|      9  85771 

Here  the  ftar's  latitude  Is  46°  o6-j-'N. 
becaafe  the  declinat.  is  N.,  and  greater 
than  the  obliquity  of  the  ecliptic. 

To  find  the  longitude. 

o  20969  1  Here  the  longitude  144°  36'  being 
added  to  90°,  gives  234°  36'  for  the 
ftar's  longitude,  reckoning  from  the 
firft  point  of  Aries. 


9>944'7 

9'69774 


To  tan.  longit. =234    36       9,85160 

For  the  right  afcenfion  being  in  the  third  quadrant,  the  ftar  is  there  alfo. 
Now  in  234°  36',  are  7  figns  24°  36'' ;  that  is  the  ftar's  place,  or  longi- 
tude is  24"  36'  in  the  8th  fign,  or  24*^  36'  in  V\, 

By  the  preceflion  of  the  equinoxes,  the  fixed  ftars,  although  they  al- 
ways keep  the  fame  latitudes,  yet  are  continually  altering  their  longitude, 

right 
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right  afcenfion,  and  declination  ;  the  alteration  in  longitude  Is  uniformly 
50  feconds  and  3-ioths  yearly  (22),  but  that  of  the  right  afcenfion  and 
declination  is  conftantly  varying :  So  that  many  ft»rs,  which  once  had 
north  declination,  come  to  have  fouth  j  while  others  change  from  S.  to 
N.  declination. 

157.  PROBLEM    XV.  PI.  V. 

Given  the  right  afcenfions  and  declinations  of  two  fixed  ftars  j 

Required  their  diftanbe. 

Exam.  IVhat  is  the  dljlance  between  the  fixed Jiars^  Betelguefe  in  theeaft 
jhoulder  of  Orion^  and  Aldebaran  in  Taurus  ;  the  former-  having  "7°  21^  N', 
declinat.  with  $h.  ^-^m.  i6j.  right  afcenfion  ^  and  the  other  10"  q^,'  N^ 
declinat,  with  ^h.  23  ;n.  20  s.  of  right  afcenfion. 

Construction. 

As  Aldebaran  precedes  Betelguefe  in  right  afcenfion,  let  the  primitive 
circle  reprefent  the  circle  of  right  afcenfion  paffing  through  Betelguefe  ; 
defcfibe  the  circle  of  right  afcenfion  pas,  making  with  pbs  an  angle  of 
19"  59',  (IV.  75)  equal  to  the  difference  between  the  given  right  afcpn- 
fions. 

Defcribe  the  parallels  of  declination  e;/z,  rj,  at  the  given  diftances  16* 
03'  N.  and  7°  i\'  N,  (3d  133);  and  the  interfedtions  a,  of  Aldebaran's 
declination,  and  B,  of  Betelguefe's,  with  their  refpedlive  circles  of  right 
afcenfion,  will  be  the  pofitions  of  thofe  ftars  from  one  another  :  Then 
draw  a  great  circle  bag,  through  B  and  a,  and  the  intercepted  arc  ba  (mea- 
fured  by  art.  70.  Book  IV.)  fhews  the  diftance  of  thofe  two  ftars. 

Computation.  (IV".  151} 

In  the  oblique-angled  fpheric  triangle  pab. 
Given  the  co-decl.  of  Aid.  pb  =  73°  57''^ 

the  co-dec.  of  Betelguefe  pa=z82    39  C  Required  their  difl.  AB. 

difF.    of  right  afcen.  z.apb=i9    39  3 

Radius  =:r.  10,00000  Co-f.  4th  arc        .    82°  11'      0,86645 

To  co-f.  difF  rt.  af.      19^59    9>97303   To  co-f.  5th  arc  S   14      9,99550 

Asco-t.  Betelg.  dec.      7   21  10,80944  As  fin.  Bctelg.  dec.      7  21      9,10697 

To  tang.  4th  arc         82  11    10,86247  To  co-f.  dift.  21   25      9,96892 

Aldeb.  co-dec.  73  57  _,     ^  ,  .  , ,  , 

[^  The  fame  refult  would  have  come 

Remains  5th  arc.  8   14  out,  had  the  declination  of  Aldebaran 

..  been  ufed  in  the  proportions. 

158.  PROBLEM     XVI.  PI.  V. 

Given  the  latitudes  and  longitudes  of  two  known  fixed  ftars  j 

Required  their  diftance. 

Exam.  Aliath^  in  the  Great  Bear,  Lon.  ^     5"  49'    Lot.  54°  18'  iV. 
Ardlurus,  in  Bootes,  Lon.  -^  21     10     Zrt/.  30    54^* 

The  conftrudion  of  this  Problem  is  like  that  of  the  laft;  only  inftead 
of  circles  of  right  afcenfion  read  circles  of  longitude,  and  ufe  parallels  of 
latitude  inftead  of  parallels  of  declination.  ,^* 
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TTje  compotation  Is  alfo  like  that  of  the  laft-,' there  beirig  given  two  co- 
latitudes  and  the  included  angle,  which  is  the  difference  between  the  given 
longitudes :  Thus  Arftupus's  long,  is  6'  21°  lo',  and  Aliath's  is  5'  5°49'i 
their  dift'crence  is  i*  1 5°  2 1-',  or  45°  21'. 

Hence  the  diftance  will  be  fouiid  to  be  39°  45'. 

J59.  PROBLEM    XVII.  Pl.V. 

Given  the  latitude  and  longitude  of  a  fixed  flar,  and  alfo  the  obliquity 

of  the  ecliptic  i 
Required  the  right  gfcenfion  and  declination  of  that  ftar. 

Exam'.  Suppo/e  the  latitude  of  ajlar  is  7°  09'  N.jts  longitude  Y  ag'oi'  ; 
7V/}at  is  the  right  afcenfion  and  declination  of  that  Jiar,  the  obliquity  of  the 
ecliptic  being  2^  ^%' i*  .      . 

The  conftrufliion  of  this  Problem  Is  much  Hke  that  of  Prob.  XIV. ; 
onTy-here  the  interfe<Slion  of  a  parallel  of  latitude  cL  with  a  circle  of  longi- 
tude pAjy  will  give  the  place  of  the  flar. 

The  computation  is  alfo  as  in  Piob,  XIV;  for  here  are  given  p/  = 
23°2,8^ /»A  =  82°  51',  :and  thez.P/)A=6o°  59',  the  longitude  from  the  firft 
point  of  C5,  to  find  pa  the  co-declination,  and^/>PA  the  right  afcenfion. 

The  declination  of  the  ftar  vi'ill  be  found  to  be  J7''49'  N.     (IV.  151) 

And  the  right  afcenfion  will  be  24°  ig\  (IV.  150)  ^ 

160.  '  .  PROBLEM    XVIIL  PI.  V. 

jGiven  the  meridional  altitude  of  any  celeftial  objetft,  fuppafe  a  comet, 

its  diftance  from  a  known  ftar,  and  the  latitude  of  the  place  j 
Required  the  declination  and  right  afcenfion  of  that  comet. 

Exam.  Suppofe  a  comet  was  obferved  on  the  7neridian  at  London^  when  its 
altitude  zuas  51^  55',  and  its  dijiance  from  the  flar  Ardurui  was  59°  47^; 
If^at  was  the  declination  and  right  afcenfion  of  tl)^  comet  at  that  time  ? 

Construction. 

In  the  primitive  circle,  reprefenting  the  meridian  of  the  place,  draw  the 
hort?:,on  hr  and  prime  vertical  zv  ;  lay  ofF  the  given  latitude  rp=:5i'' 32''^ 
draw  the  axis  ps,  the  equator  E<5^,  and  (3d  135.)  n  m  Ar(R;urus's  parallel 
of  deciination=:20°  2\\  From  the  fouth  poiiU  of  the  horizon  lay  off  the 
^ven  altitude  of  the  cometz::5i'  55^  from  H  to  c  :  About  the  point  o  as 
a  pole,  at  the  given  diftance  between  the  comet  and  Arclurus,  dcfcribe 
(IV.  68)  a  fmall  circle  a  a  cu^Ung  the' parallel  «  win  ;^^,  the  pofition  of 
Ardturus  at  that  time  :  Dcfcribe  the  circle  of  right  afcenfion  p  -^  s,  and 
a  great  circle  thro'igh  o  and  "Jf .  • 

Computation'. 
Since  HF.r=38'  28',  the  co-l,!t.  and   the  alt.  ho  — 5r  55',   then  E0  = 
(ho-^HE  —  )  13"  :?7'',  i?  the  dec!,  fought;  which  is  north,  as  the  altitude 
ev!.:ccd^.  the  co-l.-it.  ;  confcqucntly  the  pc/lar  diftance  o?~']b'  33^ 

"'  -  ■  '  (»  Then 


Book  V,  ASTRONOMY,  237. 

Then  in  the  triangle  P-Jf  o  are  given  the  three  fides  to  find  the  Z.op  -^j 
ttre  difference  beweeti  the  right  afcenfions  of  the  comet  and  Arclurus. 
And  (IV.  154)  thez.OP*  will  be  found=62°  2/i=z^h.  9  m.  36  s.  which 
is  the  difference  of  their  right  afcenfions  :  Now  if  Arcturus  had  paffed  the 
meridian,  the  right  afcenfion  of  the  comet  was  18  h.  15  m.  16  s.  but  if 
Ardturus  had  not  paffed  the  meridian,  the  right  afcenfion  of  the  comet  was 
9  h.  56  m.  4  s.  ;  it  being,  in  the  former  cafe,  equal  to  the  fum,  and  in  the 
latter  to  the  diff.  of  Ardturus's  right  afcen.  and  theZ.OP  ^^f-.    .' 

161.  PROBLEM     XIX.  •/  :,     FI.V. 

Given  the  latitude  of  a  place,  the  Sun's  declination  and  Azimuth  ; 

Required  his  altitude  and  the  time  of  the  obfervation. 

Exam.  In  the  latitude  <?/  13°  30'  N.  and  when  the  Sun  has  23'  28'  A''. 
declination  :  What  is  the  Sun's  altitude  and  time  of  the  day,  when  he  is  feen 
tn  the  ENE  azimuth  circle  ? 

Construction. 

Let  the  primitive  circle  reprefent  the  meridian  of  the  place,  in  which 
HR  reprefents  the  horizon,  and  zN  the  prime  vertical ;  make  rp  equal  to 
the  latitude,  draw  the  6  o'clock  hour  circle  ps,  the  equator  eq^,  and  (3d 
153)  the  parallel  of  23"^  28' of  declination  nm:  The  tangent  of  67°  30' 
being  laid  from  the  center  a  towards  h,  gives  the  center  of  the  vertical 
circle  ZDN,  which  cuts  the  parallel  n  m  in  the  points  a  and  B  ;  and  fliews 
that  at  two  diftant  times  in  the  forenoon  the  Sun  will  have  the  azimuth 
propcfed  :  Through  the  point  A  and  b  defcribe  the  hour  circles  pas,  pes 
(II.  72);  the  angles  zpa,  zpb,  fhewing  the  times  from  noon,  may  be 
meafured  by  art.  72.  Book  IV. ;  and  the  altitudes  da,  db,  by  art.  70, 
Book  IV. 

Computation.     See  art.  146.  Book  IV. 

In  the  fphcric  triangle  pza,  or  pzb,  there  are  known. 

The  co-lat.  pz  =  76'3o'i  the  co-decl.  pa,  or  pbi=66°  32'i  the  azim^ 
Z.rzDr:67°  30'. 

To  find  za,  or  zc,  and  the  Z-ZPA,  or  z.zpb. 

As  Iladlus  :  co-f.  azimuth  ;:  co-t.  lat.  :  to  tan.  of  a  4th  arc  mz=57'^  54'. 

And  as  fin.  lat.  :  fin.  dec!,  :  :  co-f  m  to  co-f  of  a  5th  arc  n  =  24°  56'. 

Then  m  +  n,  or  57''54''-|-24"56'  — 82''5o^  =  za,  is  the  comp.  oflcaftalt. 

And  M — N,or  57  54'  —  24''5t)  =:32''58'  — zb,  is  the  comp.  of  thegr.  alt. 

'I'hercforc,  when  the  Sun  has  7"  10'',  or  57"  02',  of  alt.  he  is  on  the  given 
azimuth. 

Again,  As  co-f  dec. ;  fin.azlm. ::  co-f.  leaft  alt. :  fin.  hour  fr.  noon  87^  55'. 

And  as  co-f  dec.  :  fin.  azim.  ::  co-l.  great.-r  alt.  :  fm.  h.fr.  noon  33°I4^. 

But  87°55'=i:5'^  51"'  40'  ;  aiid  33-'  i4''r::2^  12^-'  56',  the  refpc-a.  times 
fr.  noon. 

Confcqucntly  the  Snn  v.-::I  be  fecn  on  the  ENE  azimuth  at  6h,  08m. 
2^?.  and  again  at  9  h.  47  i.i  4  >.  hot!)  in  the  morning:  Alio,  in  the- 
.-iftcrnoon  he  will  be  on  the  WN'.V  azimuth  at  2  h,  12  m.  56  s.  and  at 
5  h.   51  ni  40s. 

162.  Nov/  to  find  at  what  tin":?,  and  at  what  altitude,  the  grcatufl  azi- 
muth will  happen  at  that  place  on  tlvj  fiiu  d.'.y  ; 

As  the  azimuth  cirLl.j  in  tliis  cale  is  to  touch  tiie  parallel  n  77,  there- 
fore x\\'i  grcatcll  didanrcot  the  azirnutli  fViiin  the  equator  will  be  23°  28'; 
and  as  tliur  pclcs  nuili  'i:r  ,it  the  fmic  dilt  j.cc  (IV.  73'^  thereibre  ;i  fmall 
cii'clc  r,  d'vlcnL'vJ  abu.il  liic  ^  u!c  s,  at  luv  diitunce  of  23'  28   (lV^  66), 

its 
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its  interfe£lIoil  ^  with  the  horizon.  Is  the  pole  of  the  circle  zcn  j  then  dc« 

fcribe  an  hour  circle  pes  through  p. 

In  the  fpheric  triangle  zpc  right  angled  at  e.  (IV.  34) 

Given  the  co-lat.  pz  =  76°  30^  and  the  co-decl,  pcr:66°  32^ 
Required  the  ^reateft  azim./iPzcnyo"  37^  the  dift.  2cr:54''  08'',  and 

the  hour  from  noon  =56"  26'= 3  h.  45  ffl.  44  s. 

So  that  the  azimuth   is  altered  only  3°  7''  in  2  h.  6  m. ;  and  confe- 

quently  the  variation  of  the  compafs  may  be  obferved  with  more  certainty 

in  the  torrid  zone  than  el fe where. 

163.  PROBLEM    XX.         PI.  XIV.  Fig.  i. 

Irt  the  latitude  of  20°  00'  N.  Jlandi  a  horizontal  dial,  the  gnomon  of  -which 
is  perpendicular  to  the  plane  of  the  horizon :  It  is  required  to  know  at  what 
hour  in  the  afternoon  on  the  longejl  day,  the  Jhadow  of  that  gnomon  Jhall Jl and 
jVill-y  and  how  many  degrees  fljall  the  Jhadow  run  back. 

Construction.  Let  the  circle  iRNH  be  the  meridian  of  the  place,  iwR 
the  horizon,  the  poles  of  which  are  z,  n  ;  rp=::2o°,  the  latitude  p  and  s 
the  north  and  fouth  poles  :  About  p  defcribe  the  tropic  of  Cancer  dr^7,  cut- 
ting the  horizon  in  l  j  about  s,  a  fmall  circle  being  defcribed  at  the  dift.of 
23°  28^,  the  complement  of  the  dift.  of  aa  from  p,  its  interfeftion  p  with 
the  horizon,  is  the  pole  of  the  azimuth  circle  which  will  touch  the  parallel 
aa  in  0,  the  place  of  the  Sun  when  he  has  the  greateft  azimuth  that  day : 
Through  z,  O,  n,  defcribe  a  vertical  circle  cutting  the  horizon  in  K  j  and 
through  O  and  l  defcribe  the  hour  circles  pOs,  pls. 

Then  will  thez.zP0  be  equivalent  to  the  hour  when  the  fliadow  will 
fland  ftill ;  and  kl,  the  difference  between  the  meafures  of  the  azimuth 
and  amplitude,  will  fliew  how  much  the  fliadow  will  run  back. 


Computation.  In  the  right-an- 
gled fpheric  triangle  prl. 

Given  Z.R   =   90°  00' 

lat.  rr   Rp   rr   20  00 

co-decl.         rr    pL    rz   66   32 


In  rt.  angl.  fpheric  trianglfc  P0b. 
Given  Z.©  =   90°  00' 

co-lat.  =  zp    =70  00 

co-dec.  zz.   P0   =   66  32 

Required  hour:=:z.zP0  =   33  06 
azim.  =:Z.®zp   =:   77   28 


Requir.  ampl.       n   rl   r:  64  56 

Then  33'' 02  =  2  h.  12  m.  08  s.  :  And  77°  28^— 64°  56^=12°  32^ 

So  that  the  fhadow  will  ftand  ilill  at  2  h.  12  m.  08  s.  and  will  run  back 

12°  32^ 

164.  PROBLEM     XXr.  PI.  XIV.  Fig.  2, 

A  comet,  the  declination  of  zuhlch  ivas  47°  00'  N.  tvas  obferved  to  be  dijlant 
fro7n  ajhir,  to  the  eafvjard  of  it,  49°  00'';  the  Jiar' s  declination  was  36°  00' 
N.  and  its  right  afc^nfcn  45°  onf  :  IFbat  was  the  latitude  and  longitude  of 
that  comet  ? 

Construction. 
On  the  plane  of  the  folftitial  colurc,  where  p  and  E  are  the  poles  of  the 
equator  and  ecliptic,  put  the  flar  at  a  by  its  right  afcenfion  and  declina- 
tion :  About  p  and  A  defcribe  fmall  circles,  at  the  dillances  of  the  comet 
from  thofe  points,  their  intcrfection  i)  ^ives  the  place  of  the  comet ;  de- 
fcribe great  circles  throughA  O ,  r  O ,  n  O ,  then  e  G  will  be  the  co-latitude, 
and  Z-PE  O  the  co-longitude;  and  their  meafures  may  be  obtained  from 
articles  70  and  72  of  Dock  IV, 

CoMPU- 
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In  the  triangle 

APji). 

Given  the  -Jf-'s  co-dec.  pa  =  54"  00' 
comet's  co-dec.  -  P,?=:43  00 
their  diftance        A®r-49    00 


Req.coni.rt.af.fr.^AAP?^=65  48 
Then  65°  48^—45°  00=20"  48^ 
Andgo^oo'' — 20^48 '==69°  12' :::;(?.?£ 


In  the  triangle  ep  ®* 
Given  comet's  co-decl.  p  •)=:43o  00' 
obliq.  of  ecliptic     pe=:23  28 
comet's  rt.  af.Z. EPS r: 69   12 


Req.  comet's  co-lat.     e3  =  3.9  54. 

and  co-Iongit.  z.  phC?>  =  83  42 
Which  being  taken  from  90%  leaves 
Y  6°  18''  for  the  long,  required. 


155.  PROBLEM    XXII.        PL  XIV.  Fig.  3. 

At  London^  on  the  lotb  of  December  1780,  at  what  time  of  the  night  will 
the  flan  Aldeoaran  andKigcl  be  on  the  fame  azimuth  circle? 

Aldeb.  dccl.  =  i6>^  03^  N.  ;  right  afc.=:4  h.  23  m.  19  s.  Rigel's  decL 
=:8"28'S.  ;   rignt  arc.=:5  h.  03  m,  58  s. 

Their  difference  of  right  afcenfions  is  40  m.  39  s.  or  10°  10'. 

Construction.  On  the  plane  of  the  equinoctial  put  Aldebaran  at  a, 
and  Rigel  at  b,  by  their  right  afcenfions  and  declinations,  then  a  great 
circle  through  b  and  a  will  be  the  azimuth  they  are  on  at  the  time  fought; 
and  the  parallel  of  London's  lat.  defcribed  about  p,  will  cut  the  azimuth 
circle  BA  in  zz  the  zenith,  through  which  draw  the  meridians  pz,  pz. 

Here  the  neareft  interfeilion  to  the  ftars  is  taken  for  the  zenith,  for  as 
the  ftars  are  both  above  the  horizon,  the  grcateft  zenith  diftance  is  lefs 
than  90  degrees. 


Computation.    In  the  A  apb. 

Given  b's  co-decl.       PBrr  98^28^ 

a's  co-decl.       PA=:   73   57 

difF.  rt.  afc./.APB=:    10   10 


In  the  triangle  apz. 
Given  a's  co-decl.        ^^"^^T^  S"}' 
the  co-lat.  pz  =  38   aij 

the  fuppl.  of  BAPorz.  PAzr=23   02 


Required  the  z.bap  =  i56  58    Req.z.APZ  =  142°  35^  or=24  oi 

Now  the  ftar  Aldebaran  comes  to  the  meridian  at  nh.  8  m.  27  s.  in  the 
evening;  which  lefTencd  by  i  h.  36  m.  4s. (24°  01'')  gives  9 h.  32  m.  23  s, 
for  the  time  in  the  evening  when  thofe  ftars  will  be  on  the  fame  azimuth. 

166.  PROBLEM     XXm.  PI.  XIV.  Fig.  4. 

At  what  time  in  the  evening  will  tJicflars  Betelguefe  and  Pollux  have  one 
common  altitude  above  the  horizon  of  London^  on  the  10th  of  December  1 780  ? 

Betelguefe  right  afcen.  =  5  h.  43  m.  16  s.  ;  decl.r:7'  21''  N.  Pollux 
right  afcen.rr7  h.  31m.  51s.;   decl.  =28"  32'' N. 

Their  difference  of  right  afcenfion  is  1  h.  48  m.  35  s.  =  27''  09', 

Construction.  On  a  primitive  circle,  where  any  point  p  reprefcnts 
the  pole  of  the  equinod^ial,  put  tlie  ft.ir  Pollux  at  B,  and  Betelguefe  at  A, 
by  their  declination  and  difference  of  right  afcenfions  ;  through  A,  b,  de- 
fcribe  a  i-,reat  circle  ;  through  c,  the  middle  of  ab,  defcribe  a  great  circle 
at  right  aiipjcfs  to  ab,  and  cutting  pa  in  d  ;  then  a  fmall  circle  defcribed 
about  p,  at  the  diftance  of  38"  28'',  the  co-lat.  will  cut  the  circle  CD  in  z, 
the  zenith. 

For  the  ft^rs  a  and  e  having  a  common  altitude,  are  equally  diftant 
from  z, 

I  COMPU- 


24^ 


ASTkONOMY.  Book  V. 


Computation.     In  the  triangle  apb. 

Given  a's  co-dccl.       pa  =82**39' ^Req\iired  the  Z.BAP  =  47" oi' 

b's  co-decl.        PR  =61  28   C  AB  =  33  14^ 

difF.  rt.  afc.  z.  apb  =  27  09  j  Its  half  ac  =   16  37 
In  the  triangle  acd. 

Given  the                  Z.c     =90**  00^  ^  Required  the  Z.D   rr  45°  30' 

Z.A     =47  Oi    >■  AD   =  23  38 
AC     =16  37   J  Theref.  pa — ad=:pd  =  5^  01 
In  the  triangle  pdz. 

Given  the  co-1  at,           pz  =  38"  28' 7  Required  .  Z.zpd   rr  48°  56 

pDr:59  01    r          Or  it  is  :=  75° 46 
Z.PDz=45  30  J 

Now  the  ftar  Betelguefe  comes  to  the  meridian  at  I2h.  28m.  8  s.  that 
is  between  twelve  and  one  o'clock  in  the  morning  (133)  j  from  which 
take  3  h.  15  m,  44  s.  as  the  ftars  are  to  the  eaft  of  the  meridian,  and  it 
leaves  9  h.  12  m.  24  s.  in  the  evening,  for  the  time  when  thofe  ftars  have 
the  fame  altitude. 

167.  PROBLEM    XXIV.         PI.  XIV.  Fig.  5. 

JVant'ing  to  know  the  latitude  and  longitude  of  a  comet  C,  its  dijlance  from 
two  known  Jlars  a  and  B  were  obferved^  and  are  as  follows : 

A*s  lat.-=.\c)°  \r'  N.  Lon.  —  16°  39^  X  J  dijlance  from  0=49°  05^ 
B'iA7/.=:30    05  N.Lon.zz.  2  40    H  ;  dijlance  from  Czz/^S  57. 
Hence  the  place  of  the  comet  c  is  required. 

Construction.  On  the  plane  of  the  folftitial  coloure,  where  e  Is  the 
pole  of  the  ecliptic,  put  the  ftars  a  and  b  by  their  latitudes  and  longi- 
tudes, and  defcribe  a  great  circle  through  a  and  b;  then  fmall  circles  de- 
fcribed  about  a  and  b  as  poles,  at  the  refpedtive  diftances  of  the  comet, 
their  interfecl:ion  c  will  give  its  place ;  defcribe  great  circles  through  a, 
c;  B,  c  ;  E,  c  ;  and  E  c  will  be  the  co-latitude,  and  fromZ.AEC  will  be 
obtained  the  longitude. 


Computation.  IntheAABE. 
Given  a's  co-lat.       ae:=:40°48' 
b's  co-lat.        BE  — 59  55 
diff.longit.  Z.  AEBzi^G  09 


In  the  triangle  abc. 
Given  the  diftance  ab=i  59°  01^ 

diftance  Acrr  49  05 

diftance  bcz=  45  57 


Required  the  z.bac=   56  27 

ThenZ.EAE  +  Z.EAC  =  Z.B'Ac=:  I34°53 


Required  ab  =  59  oi 

and        Z.EAB     =78   31 

In  the  triangle  cea. 
Given  a's  co-lat.     ae   =:  40*^48' ^  Required  the  co-lat.     ec=  81°  33'' 
diftance  ac    rr   49  05   C  diff".  long.     AEcrr   32  43 

and  the    ^eac   =134.  58  3'Hencelat.is8°27'N.lon.i9°22'inY" 

168.  PROBLEM    XXV.  Pi.  XIV.  Fig.  6. 

The  dijlance  of  the  flar  c  being  ohfervcd  from  two  Jars  a  and  B,  the  lati- 
tude and  dijlance  of  which  are  known^  and  alfo  the  longitude  of  one  of  them  j 
thence  to  find  the  lat,  and  long,  of  c. 

Suppofe  a's  lat.  to  be  5="  30^  N.  ;  its  dift.  from  0  —  39°  40^:  b's  lat. 
9°  57^  N.  its  long.  Taurus,  18"  ib\  and  dift.  from  c  10"^  7!^:  And  the 
diftance  c»f  ab  44"  43' :  Required  ths  long,  and  lat.  of  c, 
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Construction.  On  a  circle  of  longitude,  where  e  is  the  pole  of 
the  ecliptic,  put  the  ftar  b  by  its  lat. ;  about  the  points  b  and  e  defcribe 
circles  at  the  dillances  of  A  from  thofe  points,  their  interfedlion  gives  the 
place  of  A  :  alfo  circles  defcribed  from  a  and  b,  at  the  diftances  of  c  re- 
fpectively  from  them,  their  interfedlion  is  the  place  of  c  :  Then  defcribe 
the  great  circles  ea,  eg  j  ac,  ab  ;  bc;  and  EC  will  be  the  co-lat.  and 
Z.BEC  the  longitude,  of  c  from  b. 

Computation.  IntheAAEB 

Given  a's  co-Iat.  a £  =  84°  30'' 

b's  co-lat.  BE=:8o   03 

the  diftance  ae=:44   43 


14 


In  the  triangle  abc. 
Given  the  diftance       ab=44°43' 
diftance      AC  =  39  40 
diftance       bc=:io  o 


71 


Required  the 


Z.abc=55  22 


Required  the  i!lABE=:92 

In  the  triangle  beg. 

Given  b's  co-lat.  be  =  80°  03'  l  Required  c's  co-lat.  ce  =  72°oi' 

the  diftance  bc  =  10  07-^- V         c's  Ion.  fr.  b,z.bec=:  6  22 

(Z-ABE — Z-ABCn)  z.cbe=:36  52    J  And  its  abfolute  long.    t5  11   54 

169.  PROBLEM     XXVI.        PI.  XIV.  Fig.  7. 

From  the  altitudes  of  two  known  fixed  Jiars,  and  the  altitude  of  a  planet 
when  in  the  fame  azimuth  with  one  ofthefejlars ;  to  find  the  place  of  the  planet. 

Example.  Obferved  the  Moon  and  Cor  Leonis  in  the  fame  azimuth, 
when  the  Moon's  zenith  diftance  was  36°  37'. 

Cor  Leonis's  zen.  dift.  =45°oo';  decl.  13*02^  N, ;  rt.  af.  9"^  56"'  39'. 

Cor  Hydra's  zen.  dift.=49  16  j  decl.     7-  43    S. ;  rt.  af.  9^  16""  47*. 

Construction.  On  the  plane  of  the  equinodlial,  the  pole  of  which 
•is  p,  draw  the  colures,  and  in  the  folftitial,  take  E  for  the  pole  of  the 
ecliptic  ;  put  the  given  ftars  at  b  and  a  by  their  declinations  and  right 
afcenfions  :  About  b  and  a  as  poles,  with  their  refpeclive  zenith  diftances, 
defcribe  circles  cutting  in  z  the  zenith  ;  through  z  and  B  defcribe  an 
azimuth  circle,  and  making  z  ])  equal  to  the  D's  zenith  diftance,  it  gives 
her  place  :  Then  defcribe  the  great  circles  za,  ab,  eD  ;  and  the  arc  E]) 
will  be  the  co-latitude,  and  z.pe])  the  longitude  from  the  firft  point 
of  25. 


Computation.     In  the  A  aep. 

Given  a's  co-decl.      fait: 97°  43^ 
b's  CO  decl.        PB=:76    58 
diff".  rt.  af.  /.bpa—   9    58 


Required  the         AABPm53 
the  fide  ABrr   22 


In  the  triangle  b  D  p. 


p  — 76 


(jl'/en  b's  co-decl. 

(bz — z  D  ■=.)    fide  B  5       =: 

z.pb])=64 


Rcqu.  ])'s  co-decl.  pD  — 73  ib\ 
l;'s  rt.  af.  fr    b,z.bpD=   7    53 

Then  90*^  4  Z.  >^  pi;  -f-  Z.  bp  1;  r= 
Z-LP])=:i2S°  43'. 

Vox..  I.  ] 


In  the  triangle  azb. 
Given  a's  zen.  dift.    ZA=r49" 
b's  zen.  dift.     ZB::::45 
the  fide  ab  — 22 

Required  the  z.abz  =  89    38^ 

'I'hen     z.  abp — abz  =  z.  zbp  = 
b\'  19^=  z.  Dbp. 

In  the  triangle  P  I)  E. 
Given  obl.  of  eclip.    pe=:   23°  28' 
D's  co-decl.  pD  —   Jii    26^- 
D'sco-rt.  af.  Z.EP])  =  I28    43 

Requir.  D's  co-lat.  D  e  =:  88    41 

D's  Ion.  fr. 'lo,  Z.pr.D=r  48    25 

And  its  abfolutc  long,  is  a   18    25 

SECTION 
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S  E  C  T  I  O  N      VI. 

Of  various  methods  to  fmd  the  Latitude. 

The  ufual  way  at  Tea  to  find  the  latitude  is  from  the  Sun's  meridional 
altitude  and  declination  j  the  manner  of  doing  this  will  be  particularly 
fhcwn  in  Book  IX.  But  as  it  frequently  happens  at  fea,  that  the  nieri- 
dian  altitude  cannot  be  taken,  therefore  the  mariner  fhould  be  furniflied 
with  other  means  to  come  at  the  knowledge  of  this  moft  ufcful  article. 
To  help  him  in  this  point,  and  as  a  farther  exercife  in  the  Aftronomy  of 
the  Sphere,  the  following  problems  are  colIe6ted  together. 

170.  PROBLEM      XXVII.  PL  V. 

Given  the  Sun's  declination  and  his  amplitude  j 

Required  the  latitude  of  the  place. 

Exam.  Being  in  a  place  where  the  compafs  had  no  variation^  on  a  day 
tvhen  the  Sun's  declination  luas  15°  12''  A'^.,  I  obfer^'cd  him  to  rife  62°  30' 
fran  the  north  toivards  the  eaji :  Required  the  latitude  of  that  place. 

Construction. 
Having  defcflbed  the  primitive  circle,  drawn  the  horizon  hr,  and 
(IV.  71)  taken  ro=:62*  30'';  then  about  o  as  a  pole  defcribe  (IV.  66) 
a  fmall  circle,  at  the  dlftance  of  74°  48'=co-dec].,  cutting  the  primitive 
in  r,  the  place  of  the  north  pole  :  Draw  the  axis  ps,  the  equator  eq^, 
and  the  circle  pos,  cutting  the  equator  in  a. 

Computation. 
Til  the  fpheric  triangle  YoA  right  angled  at  a 


Given  the  co-amp.   Y  0  —  27°  30' 
the  declin.       a  0  =  15   12 
Required  the  co-latitude  aTo. 


Thenf.Vo  :  rad.  : :  f.  ao  :  f.Z.A7"o. 
Hence   the   latitude   will    be  55'' 
24^  N. 


I  jr.  PROBLEM     XXVIII.  PL  V. 

Given  the  Sun's  declination,  and  his  afccnfional  diftlrcnce  j 

Required  the  latitude  of  the  place. 

Exam.  TPl:en  the  Sun  had  20°  01''  of  declination  6".,  hs  tva:  ohjlrvcd  to 
fct  at  4  h.  30  7?i.  :  Required  the  latitude  of  the  place. 

As  the  ufcenfional  diftcrcnce  is  the  time  that  the  Sun  rifcs  or  fets  be- 
fore or  after  6  o'clock;  therefore  6  h. — 4  h.  30  m.— 1  h.  30  m.r:22'' 
30''=  afcenfjonal  difference. 

Construction'.  In  the  primitive  circle  rcnrefenting  the  meridian  of 
the  place,  draw  the  equator  eq^,  the  axis  ps,  the  parallel  of  declination 
ro,  20'-'  01^  S.  :  Make  y  n  =  22°  30^,  the  afcenfional  diftl  pence  ;  defcribe 
the  circle  of  right  afccnlion  pes,  cutting  ro  in  o  ;  then  a  diameter  hr 
through  o  will  be  the  horizon,  and  rp  the  lat.  fought. 

Computation.     In  the  fpheric  triangle  Yco,  right  angled  at  n. 


Given  the  afc.  diff.  r  b  =  22°30 

the  declin.         0K=:20  Oi 

Required  the  co-lat. z.oVb 


Then  rad.  :cot.c'P::r.TB:cot.  Z-oVr. 
Or  rad.xot.dcc.  iifui.af.diff. :  tan. Lit. 
Hence  the  lat.  will  be  46°  25'  N., 


bciii'^  contrary  to  the  dccl.  when  the  afc.  diff.  falls  between  noOn  and  fix. 
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172.  PROBLEM     XXIXi  PL  V. 

Given  the  Sun's  declination,  and  altitude  at  fix  o'clock ; 
Required  the  latitude  of  the  place. 

Exam.  Being  at  fca,  on  a  day  when  the  Sun's  decltndtion  wasld^O^'  A'. 
his  altitude  at  fix  o'clock  in  the  evening  was  1 8^  45''.-  IVfxit  was  the  lati- 
tude of  the  place  of  ohfervation  ? 

Construction.  Having  defcribed  the  meridian,  drawn  the  horizon 
HR,  the  prime  vertical  zn,  and  the  parallel  st  oi\%°  45'  of  altitude  ;  from 
the  center  T,  with  the  half  tangent  of  the  declination  =  20°  04',  cut  the 
parallel  st  in  o  :  Through  o  draw  the  axis  ps,  and  the  azimuth  circle  zoN 
(II.  72),  and  the  meafure  of  rp  will  give  the  latitude  fought. 

Computation.  In  the  fpheric  triangle  Yao,  right-angled  at  A. 

Given  thedecl.  Y~or:20o  04^N.  IThen  lin.To  :  rad. ::  f.  ao  :  f.  Z.0T  A.' 

the  altit.  Aorz  18  45  Or  fin.  dccl.  :  rad.  :  :  fin.  alt.  :  fin.  lat. 

Required  the  lat.=  Z.oTa  j  Which  is  69^  3?/N.,^s  thedecl.isN. 

173.  PROBLEM     XXX.  PI.  V^ 
Given  the  Sun's  declination,  and  his  altitude  when  due  eafl  or  weft  j 
Required  the  latitude  of  the  place. 

Exam.  In  a  place  ziihere  the  compafs  had  no  variation.^  the  Sim  was  oh- 
fcrved  to  be  due  eajl  luhen  hii  decrrnation  zvas  16'  38''  I\.,  and  his  altitude 
2.0"  12' :   IVhat  is  the  latitude  of  that  place 'f 

Construction.  In  the  meridian  HaRN,  draw  the  horizon  hr,  the 
prime  vertical  zn,  and  make  Y  o=::the  half  tan.  of.the  alt.  20"^  12' :  About 
o  as  a  pole,  at  the  diftance  of  73"  22',  the  co-dccl.,  defcribe  (IV,  66)  a 
fmall  circle,  cutting  the  meridian  in  p  the  elevated  pole;  draw  the  axis 
PS>  equator  eq^,  and  through  i',  o,  s,  defcribe  an  hour  circle  vo  s  3  th^i 
the  mcalureof  pr  fhcws  the  latitude. 

Computation.  In  the  fpheric  triangle  Y-'^  °?  right-angled  at  a. 
(jivcn  r.\\i  alt.  y^orz  2C°  12^      I  Then  fin.  To:  rad,  : :  fin.  ao  :  fin.  Z.  ^T  o» 

the  decl.Ao:=:i6   38  N.  I  Or  fin.  alt,  :  rad.  :  :  fin.  dcel.  :  fin.  lat. 
Required  the  latit.zr  Z.  a  Y  o-    j  Which  is  56''oo''N.,  as  the  decl.  is  K. 

But  had  the  declination  been  S.,  the  other  intericclion  of  the  parallel 
circle  and  meridian  muft  have  been  taken  for  the  elevated  pole,  and  ihiT 
jj'itude  would  be  fo'-Uh. 

;7l.  PR  O  B  L  E  M     XXXI.  PI.  V, 

(liven  the  >u!i's  altitude  mid  the  hotu-  of  the  day  on  cither  equinox  ; 
Required  t'fie  latitude  of  the  [jlace. 

Kx  AM.  0,1  the  day  the  Sun  eiitrrtd  ti.,-  v.  nir.l  e'juinax,  his  alt.  was  f :!■:'!. !■ 
\l.    56^  at  9  o'clock  in  the  mornix.g.    In  11  hut  Int.  u\-i>-that  ohfervation  made  '" 

C(  •••oTRUCtion.   Defcribe  the  meridian,  diaw  the  horizon,  the  prim:- 
■•crtical,  and  (iV.  68)  the  parallel  >  /  of  22'^  56' ofaliiiude  ;  from  the  crn- 
t-;rv,  with  tl'.c  half  t.in.  of  45^^=3  ii.,  the  time  from  6  o'cloc!',  cut   ft  m 
o,  and  defcribe  t:;c  vertical  circle  zoN,  cutting  the  horizor,  in  1:;. 
C'jM!'U-rATi'-:.".    In  the  fpheric  tiian'.;lo  Y"  B  o,  right-anglod  :if  K. 
( ii'.-cn  the  tiineaftcr  6,Yo— (-5"  co'j  As  i.'f  o  ;  rad,  :  :  f.  ro  :  (./:.i-'fo- 
the  altitude  BO  — i2    56  'Or  f,  tunc.  6  :  ra  1.  : :  f.  all.  :  co-f.  !■ 

Kcq-ur-d  the  co-latitudc  2  'r  n.  !  Which  l--  ^f'^  ]V. 
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175.  PROBLEM     XXXII.  Pl.V. 

Given  the  Sun's  altitude,  declination  and  azimuth  ; 
Required  the  latitude  of  the  place.    - 

Exam.  Being  at  fea  in  a  place  where  theeompafs  had  no  variation^  in  the 
afternoon  when  the  Sun  was  42°  30''  highy  his  bearing  was  5.  57°  45'  W, 
and  his  declination  22**  30^  N.  :  What  is  the  latitude  of  that  plact  ? 

Construction.  Draw  the  meridian,  the  horizon  hr,  the  prime  ver- 
tical ZN,  and  the  parallel  x/at  42* 30'' above  the  horizon  (IV.  68)  :  The 
tangent  of  57^*  45''  {ct  from  a  towards  r  gives  the  center  of  the  azimuth 
circle  zon,  cutting  the  parallel  of  altitude  j/  in  o:  About  o  as  a  pole 
(IV.  66),  at  the  diftance  of  67<»  30',  equal  to  the  co-declination,  defcribe 
a  fmall  circle,  cutting  the  meridian  in  p,  the  place  of  the  pole  j  then  the 
meafure  of  rp  gives  the  latitude  fought. 

Computation.  In  the  oblique-angled  fpheric  triangle  zop. 
Given  the  zenith  dift.  zo=  47°  30'' 7 

the  polar  dift.  po=:  67  30  [-Required  the  co-latitude  pz, 
the  azimuth2.Pzo=:i22   15  J 

As  rad.              rr     r            10,00000  j  As  fin.  alt.  rr  42°  30'    0,170-12 

To  co-f.  azim.  n    122°  15'    9,72723    To  fin.  decl.  r:  22    30      9,58284 

3o  co-t.  alt.       z=.     42    30  10,03795    So  co-f.  4th.  n  30    13      9>93658 


To  tan.  4th.      =:     30    13     9,76518  To  co-f.  5th.      =  60   42      9,68974 
Then  the  difference  between  the  5th  and  4th  arcs,  that  is  30"  13^  taken 
from  60*^  42^,  the  remainder  30°  29''  i«  the  co-lat.    Therefore  59"  31^  N. 
is  the  latitude  fought. 

!76.  PROBLEM      XXXIII.  PI.  V. 

Given  the  Sun''s  declination,  his  altitude  and  the  hour  of  the  day ; 
Required  the  latitude  of  the  place. 

Exam.  Being  at  fea  ^  the  Sun's  altitude  was  ohferved  to  be  37°  10'  at  9  h. 
4$  m.  in  the  morning,  his  declination  at  that  time  being  22°  30'  N,  :  What  is 
the  latitude  of  the  place  of  obfervation  ? 

Construction.  In  the  meridian  pesq^,  draw  the  equator  eq^,  axis 
rs,  and  parallel  of  declin.  n  w,  22"*  30^  dill,  from  the  equator  (3d  135)* 
Set  off  from  the  center  a  towards  q^the  tang,  of  33°  45^=2  h.  15  m.,  the 
diftance  between  the  time  of  obfervation  and  noon,  which  gives  the  cen- 
ter of  the  hour  circle  Pos,  cutting  the  parallel  nmmo\  about  the  point  o 
as  a  pole,  defcribe  (IV.  66)  at  the  dift.  of  52^40',  the  zen.  dift.,  a  fmall 
circle,  cutting  the  meridian  in  z  the  zenith  \  through  z  o  defcribe  an  azi- 
muth circle  zon  ;  then  the  meafure  of  ZH  will  give  the  lat.  fought. 

Computation.     In  the  oblique-angled  triangle  zop. 
Given  the  zenith  diftaiice    zo     r:52'^40^1 

the  polar  diftance       po     =67  30  f  Required  the  co-Iat.  zp„ 

the  hour  from  noon  A  zPo=:  33  45  J 
As  rad. :  co-f.  hour  A.  M.  :  :  co-t.  decl. :  tan.  4th  arc  =63°  31^ 
As  fin.  decl.  :  fin.  alt.  :  :  co-f.  4th  arc  :  co-f.  5th  arc  =145  02. 
Their  difference  is  the  co-iatitudc  \^y'  29^     Therefore  the  lat.  is  71*^ 
31'N. 
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Given  the  altitude  of  one  of  two  known  fixed  ftars,  when  they  have  the 

fame  azimuth ; 
Required  the  latitude  of  the  place. 

Exam.   Being  at  fea  in  an  unknown  latitude^  I  oh  few  ed  thejlar  Schedar 
in  CaJJiopeia^  and  Almaach  in  Andromeda^  to  have  the 


ihe  altitude  of  Schedar  was  37°  1 5^ 


fume  azirnuthy  when 
What  is  the  latitude  of  that  place  P 


Construction.  Let  the  primitive  circle  reprefent  the  equator,  the 
pole  of  which  is  p,  and  any  point  T  the  place  where  the  right  afcenfion 
begins,  from  whence  lay  ofF  7-^  =  27"^  37'  for  Almaach's  right  afcenfion, 
and  TT^  — 7°  2'  for  Schedar's  ;  draw  the  circles  of  right  afcenfion  Pa,  Pi  : 
Defcribe  (3d  137)  Almaach's  and  Schedar's  parallels  of  declination,  cut- 
ting P<7,  ?/>,  in  A,  B  i  A  being  Almaach,  and  b  Schedar.  A  great  circle 
pafling  through  A  and  b  (IV.  61)  will  be  the  azimuth  they  are  on.  About 
B  at  the  diftance  of  52°  45^,  Schedar's  zenith  diftance,  defcribe  (IV.  66) 
a  fmall  circle,  cutting  the  faid  azimuth  circle  in  z,  the  zenith  of  the 
place ;  draw  pz,  which  meafured  on  the  half  tangents  gives  the  co-lati- 
tude of  the  place  of  obfervation. 

Computation. 

ift.  In  the  oblique-angled  fpheric  triangle  abp. 

Given  Almaach's  co-dec.      pa  ==48^  44'' I  Required  the  angle  of  pofi- 

Schcdar's  co-dec.        pb  =  34  40  |  tion  abp. 

their  diff.  ofr.  afc.  AAPB     20  33  jFor  the  folution,feeIV.  165. 


As  rad. 

To   CO-f.   Z.    APB 

So  is  tan.  ap 

To  tan.  4th  arc 
The  fide  BP 


90- 
20 


00 

44 


lO.OCOOO 

9.97135 

10,05676 


46  51 

34    40 
12     II 


10,0281 1 


As  fin.  5  th  grc 
■0  fin.  4th  arc 
So  is  tan.  Z.apb 

To  tan.  A  B 


12" 

46 

20 


1 1 

35 


0,67563 
9,86306 
9,57466 


52    23       10,1133^ 


The  5  th  arc 

2d,  In  the  oblique  fpheric  triangle  pbz. 

Given  Schedar's  co-dec.  pb  =:  34°  40^!  Required  the  co-lat.  rz. 

Schedar's  co-alt.    bz  rr  52  45  j  For  the  folution,  fee  IV.  165. 
angle  of  pofttion  pbz  =  52  23  |  Here  /_  PBZ  =  fup.  /.  pea. 

As  rad. 


To  co-C./L  pofit.    =  52*23' 
So  co-t.  Sch.  decl.rr  55   20 

To  tan.  4th  arc     r=  22  53 
Which  taken  from      52  4,5: 

Leaves  5th  arc  29  52 


lO.OOOOQ 

9,78:^0 
9,83984 


9,62544 
:b2 


As  co-f.  4th  arc  =r  22* 
To  co-f.  5th  arc  :=:  29 
So  fin.  Sch.  dec.  =  55 

To  fin.  latit.       =50 


53' 

0,03  i;6o 

52 

9,93811 

20 

9.91512 

44 

c„8fi8S| 

R3 
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,^8,  PROBLEM      XXXV.  PI.  V. 

Given  the  difference  of  time  between  the  rifing  of  two  known  ftars  j 
Required  the  latitude  of  the  place. 

Exam.  Being  at  fca  In  an  unknown  place ^  the  JImt  Mdeharan  %vas  ob^ 
ferved  to  rife  7,h.  15  7n.  later  than  the  bright  Jlar  in  Aries  :  Required  the 
latitude  of  that  place. 

Bright  ftar  in  T  dccl.  22"  25^  N.  ;  right  afccn.  i  h.  54  m.  49  s.   Alde- 
bar.aii's  dec],  i6«'  03'  N,  ;  right  afccnfion  4h.  23  m.  19  s. 

Construction. 

Let  the  primitive  circle  reprefent  the  equator,  defcribc  (3d  137)  the 
parallels  of  declination  of  the  two  flars,  that  of  Aries  being  22°  25''  N. 
and  of  Aldebaran  16^03^  N.  :  Draw  p^  for  the  circle  of  right  afcenfiou 
paffing  through  the  ftar  in  T,  which  fuppofe  in  a  :  From  a  lay  off  ab^ 
':=:37°  7§'rrdiff.  of  right  afccnfions  ;  and  ac— 48°  45''=:3  h.  15  m.,  the 
diff.  of  time  between  their  rifing  ;  draw  ^p,  <rp,  cutting  the  parallels  of 
declination  in  B,  c  :  Through  the  points  b,  c,  defcribc  (IV.  61)  the 
^reat  circle  hor  ;  draw  po  at  right-angles  to  HRj  then  the  meafure  of  pq 
will  give  the  latitude  fought. 

Computation. 
In  the  oblique-angled  fpheric  triangle  pec. 


Given  b's  co-decl.      pb  =  73°57' 
a's  co-dccl.     pczzGy  35 


Rad.  :co-f.  Z.  bpc  : :  t.  pb  :  t. m  =  73''38\ 
From  M  take  pc,  leaves  n      =6  03'. 
A.APC — z.  APB—  ABpc=:ii   371  As  fin.N  :  f .  M  :  :  tan.  Z.CPB  :  t.z.c  = 
Required  the  angle  pcb.  {Hence  Z_  Pco=;6i°  54''.       [118°  06^. 

In  the  fpheric  triangle  pco,  right-rangled  at  o. 


Given  c's  co-dccl.  pc=:67°35^ 

and  the  Z.  PC0=:6l   54 
Required  the  latitude  po. 


As  rad.  :  fui.  pc  :  :  fin.  z.  pco  :  fin. 
[Po=z:54°38^ 
Therefore  the  latitude  is  54°  38^. 


J  79.  PROBLEM      XXXVI.  PI.  V. 

Two  known  fixed  firars  being  obfcrved  to  have  the  fame  altitude  ; 
Re([uired  the  latitude  of  the  place  of  obfervation. 

Exam.  In  the  evening,  the  Jiars  Capella  and  Pvocyon  ^cere  obferved  at 
lie  fame  ihne  to  have  each  38^  Co'  of  altitude :  Reqiared  the  latitude  of  the 
place  ivhere  that  obfervation  ivas  taken. 

Capella's  decl.  =45°  45''  N.  right  afcen.  5  h.  o  m.  28  s.  Procyon's  decl. 
try  47' N.  right  afcen. —  7  h.  27  m.  48  s. 

Construction. 

On  the  plane  of  the  equator,  rcprefented  by  the  primitive  circle,  de- 
fcribc (3d  137)  the  parallels  of  the  given  declinations  ;  take  ab  —  ^b''  50^. 
the  diff.  of  the  given  right  afcenfions ;  draw  pa,  pb,  then  A  reprefents 
Procvon,  and  b  Cr.pcll;'. 

.  About  A  and  b  as  poles,  dcfcrlbe  (IV.  66)  arcs  of  fmall  circles,  at  the 
(Kftance  of  52*',  the  co-altitude,  and  their  iiitcrleclion  gives  z  the  zenith  of 
the  place:  'Jlirough  the  points  A,  b  ;  7,  a  ;  z,  B  ;  defcribe  great  circles 
(IV.  61;  and  draw  :'.p,  the  mcafurc  of  which  will  give  the  co-Utitudc 
*f  the  jilacc  of  obfcrv/ation.     ' 
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Computation*. 
In  the -oblique  angled  fpheric  triangle  ape. 
Given  a's  co-decl.        ap  =  84°  13^1  Rad.  :  cof.  z.p  ::  t.BP  :  t.  M=:37''57 
b's  co-decl.         BPrz44  15  1  And  m  talc.  fr.  pa  leaves  Nr:46  16 
difF.  rt.  afc.    z.apb=:36  50  I  Sin.  N:fin.  m:  :  tan.Z^p  :  tan.  Z-Bap 
Required  the  ftars  diflance  ab.  [=32°  31 

And  the  ansle  bap.  Cor.M:cof.N::cof.BP:cor.BA==:5i  06 

In  the  oblique  angled  (phenc  triangle  azb. 
Given  a's  co-alt,  zA=:52°oo^j  The    angle   baz    will   be   founder: 

b's  co-alt.  ZB=:52  00  t      68°  04''. 

ftars  dirtance       abi::5i   06  ,  Then  Z.BAZ — Z.  ba?  n:  Z.  PAzrz 
Required  the  angle  zab.  i      35°  33^ 

In  the  fpheric  triangle  azp. 
Given  a's  co- alt.  zAz::52°oo^'Rad. :  cof.  Z.  a  ::  t.  za  :  t.M=:47''2</ 

a's  co-declin.      ap:i:84  13    M  taken  from  pa  leaves  n 2^36  44 
the  angle  zAP=r35  30    Cof.M:cof.N::cofzA:cof pz— 43  c6 

Required  the  co-lat,  zp.  Therefore  the  latitude  is  46°  54'' N. 

180.  P  R  O  B  L  E  M     XXXVII.  PI.  V. 

Given  the  altitudes  of  two  known  ftars ; 

Required  the  latitude  of  the  place. 

Exam.  T^he  altitude  of  the  Hydra  i  heart  ivas  ohferved  to  he  40*^  44'', 
and  of  the  Lion's  heart  45°  00' ;  IFhat  is  the  latitude  of  the  place  of  obfer- 
"j  at  ion  ? 

Hydra's  heart,  decl.  —  7°  43^  S.  ;  right  afccn.  =  9  h.  16  m.  47  f. 
Lion's  heart,  decl.  2^13='  02''  N.  j  right  afcen.  9  h.  56  m.    39f. 

CON'STRUCTIOK. 

If  this  problem  is  conftructcd  on  the  plane  of  the  equator,  it  will  be  in 
every  refpcct  like  tiic  laft  j  only  the  ("mall  circles,  defcribed  about  a  aivd 
Ej  arc  to  be  unequally  diflant  from  their  refpedive  poles  a,  b. 

C  o  M  P  u  T  A  T  I  o  N. 
Here,  as  iu  the  lafl,  there  will  be  three  fpheric  triangles  to  work  in  j 
namely,  the  triangles  apb,  zar,  and  zph. 

[\\    the    triangle    apb,    where  ap=:97^  43'',   bp  — 76"^  58^,    z.APBrz 

9^  5«'. 

As  rad.  :  cof.  z.  apb  :  :  tan.  bp  :  tan.  Mr:76°  46';.  Then  ap — m  =  m 
=  20°  sfz- 

As  fm.  N  :  fm.  j\i  :  :  tan.  /.apb  :  tan.  Z.BAr  =  25''  34^. 
And  as  cof.  m  :  cof.  n  :  :  cof.  bp  :  cof.  ba  =  22  59. 


In  the  triangle  baz,  where  Azrz49''  ^'^^  Y,7,Tz.t\y  co',   Al^ 


:22^59 


The  angle  uaz  will  be  found  equal  to  68'  56^ 

'i'hcn    Z.BAZ — Z.BAPZ=Z.PAZr=43''  22''. 

In  the  triangle  Ai'z,  where  ap  =  97'43  ,  az=:49''  16^, /.  r  •-.7=43'' 22'. 

As  rad.  :  cof.  Z.PAZ  :  ;  tan.   az  :  tan.  ^=40    i:/ .     'i  i;tn  ap-mz: 

And  as  col.  M  :  cof.  n  :  :  cof.  A/.  :  cof.  pz  — O2'  39'. 
liwiicf  t'.PJ  kuiuid'v  fought  is  27'  16   N. 

il  4  iSi.  P  R  O* 


24^ 


ASTRONOMY. 


Book  V. 


i8i. 


PROBLEM     XXXVIII. 


PI.  V. 


Given  the  Sun's  declination,  two  altitudes,  and  the  time  between  the 

obfervations  ; 
Required  the  latitude  of  the  place. 

Exam.  On  a  day  when  the  Sun*s  declination  was  20°  oo'  N.,  in  the 
forenoon  the  Sun's  altitude  was  obfcrved  to  he  i8^  30',  and  3  hours  afier^ 
his  altitude  was  44°  00^ ;  TVhat  was  the  latitude  of  the  place  ? 

Construction. 
Let  the  primitive  circle  reprefent  that  hour  circle  on  which  the  Sun 
was  at  the  firft  obfervation,  eq^  being  the  equator,  then  A/?,  the  parallel 
of  20*  of  declination,  gives  a  the  Sun's  place  at  firft;  and  as  CQ^is  the 
tangent  of  45°,  Q^will  be  the  center  of  the  hour  circle  pbs  three  hours 
diftant  from  the  former,  its  interfe6lion  b  with  the  parallel  of  declination, 
is  the  Sun's  place  at  the  fecond  obfervation :  About  a  as  a  pole,  at  the 
diftance  of  yi*' 30^  the  firft  zenith  diftance,  defcribe  (IV.  66)  a  fmall 
circle  ;  about  b,  as  a  pole,  at  the  diftance  of  46°  00^,  the  fecond  zenith 
diftance,  defcribe  (IV.  66)  another  fmall  circle,  cutting  the  former  in  z 
the  zenith  :  Through  z,  a  ;  z,  b  ;  a,  b  ;  P,  z  j  defcribe  (IV.  61)  great 
circles  j  then  pz  is  the  co-latitude  required. 

Computation. 
Here  are  three  triangles  to  work  in  j  namely,  abp,  abz,  epz. 

In  the  ifofceles  fpheric  triangle  ape 


Given   AP=r70*oo^ 

BP=:70   00 

Z.APE=:45    00 

Req.iiABPand  ab. 


Suppcfe  the  perpendicular  vb  is  drawn. 
Rad.  :  tan,  bp^  :  :  cof.  pb  :  co-t.  Z.pba=:8i''  56', 
Rad.  :  fm.  pb  : :  fin.  Z.bp3  :  fin.  b^=:21°  Q^\\ 
Then  Bb  double  gives  ABr=42°09''. 


In  the  oblique  angled  fpheric  triangle  abz. 


Given  AZ  =  7i°30 

8^^:46    GO 

AB— 42  09 
Required  /.abz. 

In  the  oblique  an^ 
Given    PBr=70°oo^ 
67  —  46  GO 
Z.PBZx:32    15 
Rcq.  theco-l.t.  pz. 


Then  working  with  the  three  fides,  the  angle  abz 

will  be  found ni  14°  1 1'. 
And  Z.ABZ — ^PBA=rPBZ=:32°  15^ 


g  ed  fpheric  triangle  pbz. 

As  rad.  :  cof.  ^  pbz  : :  tan.  Bz  :  tan.  Mr:4i°  13', 
And  PB — m=:n=:28°  47'. 
As  cof.  M  :  cof.  N  :  :  cof.  bz  :  cof.  pz=30°  59^ 
Therefore  the  latitude  is  54°  01^  N. 


182.  If  the  Sun's  altitude  can  be  taken  both  before  and  afternoon, 
when  he  has  equal  heights,  then  the  time  between  thefe  two  obfervations 
being  bifecfled,  will  give  the  time  when  the  Sun  was  on  the  meridian: 
Now  the  co-declination,  the  co-altitude,  ajid  the  time  from  noon  at 
ciih.r  obfervation  being  known,  the  latitude  may  be  readily  computed  in 
one  oblique  angled  triangle,  in  which  arc  known  two  fides,  and  an  angle 
oppofite  to  one  of  them  to  find  the  other  fide,  which  is  the  co-latitude  ^ 
for  which  fee  the  problem,  art.  176. 

I  183.    PRO- 
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183.  problem"   XXXIX.  Pl.V. 

Given  the  Sun's  declination,  two  altitudes,  and  the  difference  of  the 

magnetic  azimuths  j 
Required  the  latitude  of  the  place. 

Exam.  On  the  iijl  of  May  ^  the  Sun's  declination  Icing  20"  16''  N.^  In 
the  morning  when  the  Sun  was  on  the  ESE.  point  of  the  compafs^  his  altitude 
7uas  j[.;f  30^;  and  when  he  bore  S,  20°  30*  £.  his  altitude  was  58°  30'; 
H^hat  is  the  latitude  of  the  place  of  obfervation  ? 

Construction. 

Let  the  primitive  circle  reprefent  the  azimuth  circle  which  the  Sun 
was  on  at  the  greater  altitude,  58*^  30^  a  being  the  Sun's  place  at  that 
time,  HR  the  horizon,  and  z  the  zenith  ;  draw  aa  a  parallel  of  43"  30^ of 
altitude,  and  (IV.  75)  defcribe  a  vertical  circle,  making  an  angle  with  az, 
of  47°  00^,  the  difference  of  the  obferved  azimuths ;  the  place  where  this 
cuts  the  parallel  of  altitude  aa^  gives  b  the  Sun's  place  at  the  firft  obferva- 
tion :  Then  fmall  circks  being  defcribed  about  a  and  b,  as  poles  at  the 
diftances  of  69"  44^",  the  co-declination  (IV.  66),  their  interfe6tion  will 
give  p  the  place  of  the  pole  :  Through  a,  b  ;  p,  a  ;  p,  b  ;  and  z,  P,  de- 
fcribe great  circles  (IV.  61)  j  then  pz  is  the  co-latitude  fought. 

Computation. 

I    ift.  In  the  fpheric  triangle  azb  :  Given  az  =  a's  co-alt.    =  31°  30' 

Bz  =  b's  co-alt.    —  46  30 
azb  =:  diff.  of  az,    =  47  00 

Required  Z.  abz 

AB 


^d.  In  the  ifofceles  fpheric  A  apb  :  Given  ap  =  a's  co-decl.  —  69  44 

BP  =:  b's  co-decl.  =  69  44 
AB  ==    diitance       r=  32  17 

Required  z.  abp  =.  83  52 

3d.  In  the  fpheric  triangle  zt?  :  Given  bz  r:  b's  co-ait.    =46  30 

pb  =  b's  co-decl.  r=  69  44 
2LZBP  =  38    II 

Requir.  zp  r=  co-lat.         =:  39  21 
Therefore  the  latitude  of  the  place  is  50°  39'  N, 


184.  PRO- 
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184.  P  R  O  B  L  E  M    XL.  PI.  V. 

Two  known  ftars  being  obfervrd  on  the  fame  azimuth,  and  two  other 
known  ftars  being  obfcrved  on  another  azimuth,  and  the  time  between 
the  obfervation  being  known  j  to  find  the  latitude  of  the  place. 

Exam.  The  -^ars  Aldeharan  in  Taurus ^  and  Rigel  in  Orion^  were  ob~ 
fervcd  on  the  fame  azimuth  ;  and  1  h.  35  min.  after.,  thejlars  Cajior  in  Ge- 
fnini  and  the  Hydra's  heart  were  alfo  ohferved  on  another  azimuth  :  Jflmt 
was  the  latitude  of  the  place  of  obfervation  ? 

Construction'. 

On  the  plane  of  the  equator  put  the  ftars  Aldebaran  and  Rigel  at  a,  b, 
alfo  the  ftars  Caftor  and  Hydra  at  r,  ^,  by  means  of  their  right  afcen- 
fions  and  declinations  (2d  and  3d  of  137)  :  Let  the  ftars  r,  d^  be  removed 
forwards  2*^  35^,  or  38°  45^  to  c,  d  ;  through  a,  b,  and  d,  c,  defcribe 
(IV.  61)  great  circles  interfe6ting  in  z,  the  zenith  of  the  place;  draw 
the  great  circles  AC  and  pz  j  then  the  meafure  of  pz  gives  the  co-latitude 
required. 

Computation. 

Aldebaran's  declin.  =  i6°03'N.  right  afccn.r:  4''23'"i9'  =  65' 50'. 

Rigel's                      r=  8  28    S.  =  5  03  58   =  75  59!. 

Caftor's                     =  32  "21   N.  =  7  20  33   =110  08. 

Hydra's  heart           =  7  43   S.  z=  9  16  47   i::  139   I2. 

ift.  In  the  triangle  pab,  where  perrgS'  28^,  pa  =  73°  57'',  ^lAPBr: 
Then  the  z.  pab  will  be  156"  59',  and  thez.PAz,  the  fuppl.=23''  oi''. 

2d.  In  the  triangle  pcd,  where  pd  =  97''  43',  pc=:57'' 39'',  ^LCPa 
~29°04^ 

Then  thcAPCD  will  be  140°  09',  and  theZ_PCZ,  the  fuppl.rr39°  51^ 

3d.  In  the  triangle  apc,  where  Ap  — 73°  57^,  cpr=57^  39^,  z.  a  PC  =  5'' 
33i^  which  is  the  difference  between  2  h.  35  m.  and  the  difference  of  the 
right  afcenfions  of  a  and  c. 

Then  theAPAC  will  be  i6'  12',  .^PCArz  161°  30^  and  ac=:i7°03''. 

NGV/Z.PAC+ ^PAzr:z.CAz  — 39°  I3''j  andz.PCA— /.PCz=:z.ACZ. 
z::l2i°  39'', 

4th.  In  the  triangle  Acz, where  AC  — I y'-"  03';  z.CAz:r:39' 13'';  ^acz 
r:i2i^  39^ 

Then  cz  will  be  found  equal  to  28°  26^ 

5th.     In  the  triangle  cpz,   where  cz=28'=  26',  cp-«;7''  39^  /iPcz 

Tlien  PZ  will  he  found  equal  to  38'  49'. 

And  the  latitude  of  the  pbce  of  obilrvaiion  is  51°  ii' ,  N. 
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There  might  be  given  a  great  variety  of  other  problems  to  find  the  la- 
titude from  various  circumftances  ;  but  the  trouble  of  folving  them,  as  well 
as  fome  of  the  foregoing  ones,  is  too  great  to  render  them  of  general  ufe  : 
>\nd  indeed  fome  of  them  vi'ere  only  inferted  as  trigonometrical  exercifes 
for  young  ftudents  j  it  being  generally  allovved  that  the  fciences  are  moft 
readily  learned  by  working  many  examples  :  And  on  this  account  it  was 
judged,  that  the  few  following  queftions  might  not  only  be  entertaining 
to  thofe  who  have  a  love  for  thefe  matters  j  but  on  fome  occalions  might 
be  ufefully  applied  at  fea. 


185. 


P  R  O  B  L  E  xM    XLI. 


Given  the  Sun^s  meridian,  or  mid-day  altitude  rr62°   Oo'. 

Jnd  its  mid-night  deprejfion,  below  the  horizon,        =22     00. 
Required  the  latitude  of  the  place,  and  the  Suns  declination. 

Solution.  Let  the  circle  hzr  be  the  meri- 
dian ; 
arc  h;«,  the  meridian  alt. ;  its 

fine  Fw ; 
arc  Rn,  the  mid-night  deprcf- 

fion  ;  its  fine  nf; 
mn,  the  parallel  of  declination  ; 
Q^y,  parallel  to  m  n  the  equator  ; 
PS,  at  right  angles  to  Q^^,  the 
axis,  or  6  o'clock  circle. 


Now  YiQjrqm-Hm  1  ^^^  ^^^ 

And    hq^-Q/«=:R«   S  ^       2  j  -v^       i 

Then  hq^        = — :: =: co-latitude = 42°  oo\ 


■=dcclinationr:20o  co'. 


And    Qni  =:■ 


In  the  following  problems,  as  it  was  the  method  of  computation  which 
was  cliicfly  intended  for  the  information  of  beginners,  the  conftruftion  is 
fuppoft'd  to  be  done  :  And  the  lines  and  letters,  as  here  dcfcribed,  are  to 
be  uudcrltood  to  rcprcfcnt  the  fame  things  in  each  figure. 
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186.  PROBLEM    XLII. 

Some  time  in  the  mnth  of  May  ^  1780,  at  a  place  in  the  wej^ern  ocean^  the 
Sun's  meridian  altitude  was  obferved  to  be  62"  00' j  and  \^  48"'  14'  after^ 
the  altitude  was  found  to  be  54°  30' .-  Required  the  latitude  of  that  place^  and 
the  Suns  declination.  y. 

Let  IB  and  A  be  the  Sun's  places  at  the  given         ""'  ""^  '     ^ 
times. 

«F,  AD,  the  fines  of  the  obferved  alti- 
tudes. 

mB  the  difference  of  thofe  right 

fines. 

Z.QPC,        the  given  interval  of  time, 

and  Q^,       the  verfed  fine  of  that  interval. 

Now  Q^  :  Q,y  :  :  ota:  mn  (II.  182).  And  mK  -.mn'.  :  ;kb  :  mk.  (II.  167) 

Therefore  qa  :  Qjj  :  :  ms  :  mKzzm¥  +  nf. 

_<iqxmB     2  X  radius  x  diff.  of  fines  of  alts. 

And  z«K  —  — — — — .     , 

qji  verfed  Ime  or  hour  rrom  noon 

But  verfed  fine  of  an  arc=:twice  fquare  of  the  fine  of  half  that  arc. 

(IV.  193) 

^.       ^  2XRxdifF.  fines  of  alts.     diff.  of  fines  of  alt. 

Therefore  »iK  = — :: -— =— — —7 :: .     Radius 

2SS,  I  hour  a  noon  *         ss,  f  hour  a  noon 

being  i. 

Or  L,  diff.  fines  of  alts. — 2L5,  f  hour  a  noon  =  L,  fum  fines,  m?  +  nf. 

Here  1'' 48'"  i4.'=:27'' 3' 30",  (131)  |  Alt.  ez"  00' nat.fine=:o,88295(iv.256) 

I  Alt.  54  30  nat.  fine  =0,8 141 2 

And|  hour  a  noon=:i3''3i'45".      |  DifF.  of  fines  of  alts.  =ro,o688j 
Now  diff.  fines  alts. =0,06883  ;  its  log.  8,83778  f 

I  hour  a  noon  =13°  31'  45";  twice  its  log.  fine  8,73822  J 
=  1,2574.  the  number  to  log.  10,09946  || 
=0,8829  the  nat.  fine  of  62°  00'  the  meridian  altitude. 


MK 
MF 

«f 


=0,3745  the  nat.  fine  21°  59^  36^"^  the  mid- night  depr. 
Sum    83  S9  36.  its  |4i°59^48^'=co-lat. 
Diff.   40  00  24  its  1^  20  00  12  =dec. 
Latitude  48°  o^  12'''^  N.  obfervations  made  on  the  XQth  of  May. 

•  The  mark  a  is  ufed  for  the  vjorA  from* 

t  Here  8,  is  the  index;  becaufe  6,  the  left-hand  digit  of  0,0688 ij  is  in 
the  place  of  2ds. 

X  The  log.  fin.  of  13°  3  i'  is  9,36871;  and  of  13°  32' is  9,36924  ;  their  diff. 
is  53  ;  then  60":  53  ::  45":  40;  and  9,36871 +40  =:9,369i  i  ;  its  double 
is  8,73822,  rejedling  10  in  the  doubled  index. 

In  fubtrading  8,73822  from  8,83765  ;  the  index  of  the  minuend  is  to  be 
incrcafed  by  10  for  a  radius ;  or  augment  o,  the  index  of  the  remainder,  by  10. 

(]  The  log.  10,09946,  having  10  for  its  index,  Ihews  that  the  left-hand 
place  of  its  correfponding  number  Hands  in  the  place  of  units. 

To  find  the  degrees  t  minutes,  and  feconds  to  a  gi-ven  natural  right  fine. 

Now  ;j^=o, 3745  its  log.  is  ,57345  ;  which  fought  among  the  log.  fines, 
falls  between  thofe  of  21°  59' and  22°  00';  the  difference  of  their  logs,  is  31; 
and  the  difference  between  the  given  log.  and  that  of  2 1*59' is  19  ;  then 
31  :  19  ;  :  60"  ;  36"  ;  fo  that  yanfwers  10  21"  59'  36".     (iv.  257.) 

187.   PR  Or 


Book  V. 


ASTRONOMY. 


5sa 


287. 


PROBLEM    XLm. 


Being  at  fea^Jome  time  in  July^  in  North  lot.  the  Sun  was  ohferved  to  rife 
at  4  h,  24  tn.  36  s.  A.  M.  ;  and  in  the  fame  place,  his  altitude  at  noon  was 
62°  00' ."  Required  the  latitude  of  that  place,  and  day  of  the  month. 


Let  m,  V,  «,  be  places  qf  the  Sun,  at  noon, 
St  rifing,  and  at  midnight. 

wF,  nf  fines  of  mer.  alt.  and  midnight 

depr. 
t>v  the  fine  of  the  afcenfional  difference. 
vq  the  verfed  fine  of  the  time  of  fetting 
from  midnight. 

Qvnradius  +  fme  of  the  afcenfional  dif- 
ference. 


Now  Qiv  :  vq  :  :  [mv  :  vn  :  :)  mF  :  nf. 


_,,  ^    vgxmF  ^      > 

Then  «/= ;  or  lx,  nfzzL  ,  qv-{-Ls,  mF  +  iv,  Z.VP  R. 


Or,  l\  qv+LSy  merid.  alt.  +  2Lx,  |  time  «  midnight  +  L,  2=1/,  mid- 
night depreflion. 

Hereo^=:(i-,i  h.35m.  24f.=:i',  23°5i''=)o,40435  ;  and  (^=1,4042* 
Time  from  midnight=:4  h.  24  m.  36  s.=66°  09'  j  its  half=33°  4i'- 


<0'=  1*4043 
OTF  =  ,  62° 


Its   L 
its  L/, 


^7=  r'' 33"  45:  2L/, 

^         i  2  its  L 

^—21*  59'  40"      its  LS, 


9,85254 

9>94593 
9'47397 
0,30103 


9>S7347 


Merid.  alt.       =62°     o'    o' 
Midnt.  depr.    =21     59  40 


Sum 
DifF. 


=83    59   40;  its|=4i»  59*    50" 
=40     o    20;  Its  I :r 20      o    10 


Latitude  =48"     o'  lo"  N. 

Declination     =2o«    o'  10"  N.  on  July  23d, 


(i8j.) 


188.  PRO- 


45-f 


ASTRONOMY. 
PROBLEM    XLIV. 


Book  V. 


At  a  place  in  the  northern  hemlfphere.,  fame  time  in  the  month  of  May,  the 
Sun  was  obferved  to  have  14°  431'  altitude  at  6  h.  P.  M.  and  to  fet  at 
7  h.  35  m.  24  s.  :  Required  the  latitude  of  that  place,  and  day  of  the  month. 

Let  w,  N,  V,  n,  be  places  of  the  Sun,  at  noon,  6  o'clock,  fetting,  and 
midnight.     See  the  fig.  to  Problem  43. 

7/zF,  N/,  fines  of  the  altitudes  at  m  and  n. 

oz/,  vq,  aiid  Qv,  the  fame  as  in  the  laft  problem* 

Now  ov  :vq  :  :  (kv:  yn  :  :)  n/  :  nf.  Then  l, nf  zzL\ov-i-  L, N/  +  l,  vq. 
Alfo  ov:  Qv: :  (sv  :  vm: :)  tit :  mF.    And  l,a«fzil^  O'y  +  L,  n/  +  l,  qy. 
Here  o-yzrj,  23°  5 1''=:  0,40434  ;  and  (^^  1,4043. 
qv=v,6(i°  oof  —  2s5,  33°  41'. 


Then  o-z;=:j,  23°  51'   Its  l^j,  0,39325 
N/=/,  14°  4^f'       L/,  9,40514 


zu,  9,47397 
0,30103 


»/'j,  22''  o' 


9*57339 


And  oa;:r:;,  23"  51' 
Hi  =zt,  14  435 

Ci.T;iri,4o  43 

m?zzs,  62  o 


USL/,  0,3932; 
its  Ls,  9,405  I4 
its  L,     10,14746 


L/,  9-9458? 


62^4-22'' 

Then r =  42°  the  co-latitude. 


And 


2 
62—22 


=  20'^  the  declination  anfwering  to  May  19th.  (1S5.) 


189. 


PROBLEM     XLV. 


At  a  place  in  the  luejlern  ocean,  fome  titne  in  July,  the  Sun^s  altitude 
was  obferved  to  be  36"^  at  '^  h.  51  m.  49  s.  P.  M.  \  and  was  feen  to  Jet  at 
7  ^'  35  '"•  24  S4  P.  M, :  Required  the  latitude  of  the  place,  and  day  of  the 
month. 


Let  ;,v,  c,  V,  n,  be  the  Sun's  places,  at  noon, 
at  3h.  51m.  49  f.  at  fetting,  and  at  mid- 
night. 

mf,  IF,  the  fines  of  the  altitudes  at  tn,  c  ; 
nftho.  fine  of  the  midnight  dcprefTion. 
or,  ov,  the  fines  of  the  times  from  6  h,  and  cvy 
their  fum. 


Now 


BookV. 


ASTRONOMY. 


^SS 


"Now  cv:  Qv  :  :(cv;  v/w:  :)  iv.mF.  Or  Ls,mF=L\cv-i-Ls,iT-{-'L,<^. 
And  cv:  qv  :  :{cv  :  vn  :  :)  IF  :  nf.    Or  is,nf=L\cv  +  LSji¥  +  Lv,qpv 
Here  oc  =x,2h.  8m.  iis.  =x,32-  2'  45''=^>53059  1      ,^_  ^  qo^^^ 
o^=x,  ih.35m.  24S.=:j,23  51    00=0,40434]'     '''' —  "'vJ49J  > 
(^  =  1,40435  ^i;='y,66°9'  =  2JJ,33V30"i  orL,jz;  =  2LJ,33°4l-'  +  L2. 


ThcDL',  f'v=:o,93493  0,02922. 

L/,  iFi=:36"co'  -^     9,76922 

LjQ^' =^154043  10,14746 

t,»7Fr:62'' od'  9>94590 


And  lV*^— o>93493 

LJ,  1^:^:36°  OQ' 
■Ls^nf  2%^  00' 


0,02922 
9,76922 

9'47397 
0,30103 

9>S7344 


Thcii ^  :r:  42  the  co-latitude. 

2  ^ 

62 — 22 
And  =  20  the  declination,  anfwering  to  July  23, 


(185.) 


190. 


PROBLEM    XLVI. 


Soryie  time  in  the  ?nonth  of  May^  at  a  place  in  the  wejlern  ocean,  the  day 
broke  at  \  h.  45  m.  36  s.  A.  M.  ;  and  at  8  h.  8  m.  \\  s.  A.  M.  the  Sun's 
altitude  zvas  obferved  to  be  36°  :  Required  the  latitude  and  day  of  the  month. 

Let ;/;,  c,  r,  «,  be  the  Sun's  places,  at  noon,  at  8  h.  8  m.  ii  s.,  at  the 
beginning  of  twilight,  and  at  midnight. 

WF,  IF,  the  fines  of  the  altitudes  at  mc. 

FT,  FK,  the  fines  of  the  depreflions  at  r,  //. 

ot,  Of,  the  fines  of  the  times  from  6  h.,  and  c  s  their  fum. 

Now  cs :  (^  :  :  (cr  :  7nr  :  :)  it  :  ?nT.     And  7m — FTrrr^jF. 
Alfo  cs  :  qc  :  ;  (cr  :  c«  :  :)  it  :  IK.     And  ik — iF:=:nf 

Here  IK  =:s,36^    C^ -"'5877^,-^^0,896^0 
FT=:i,l8      00=0,309025  ^ 

oc—s,    2h.    8ni.  I  is.r=j-,  32'    2' 45"  rr  0,53059  ;   and  ^c=l, 5306 
<^s —s,  4h.i4m.   24?.r=5,63  36   00   =0,89571;  and  q^=  1,8957 

Then  ct       9,84579 

IT     9,95269   IT     9,95269 
f^     10,27777  ijc    10,18486 


WIT    10,07623 


KI'ZZ      1,1919 


CS      9,84579!ctt — FTrr«F=o,8829      the    s,  62°  00' 


IK       9,9^3^,4 

IK  r;::, 96237 


IK — If  zr«/'=:o, 37458    the 
Hence  the  lat.  48°  N. 


oo 


Decl,  22°  00'  N.,  aafwering  to  M^ay  19th, 


lai.  PRO. 


ASTRONOMY. 
PROBLEM    XL VII. 


456  ASTRONOMY.  Book  V. 

19T. 

In  the  month  of  May,  at  fame  place  in  the  wejiern  ocean,  the  Sun*s  altitudt 
atb*"  J-  M.  was  14°  43I'' ;  and  at  Sh.  Bm.  lis.  its  altitude  was  360  .•  Re- 
quired the  latitude  of  the  place  and  day  of  the  month. 


Let  m,  c,  N,  »,  be  the  Sun's  places  at  noon, 
at  8  h.  8m.  i  is.,  at  6  h.,  and  at  midnight. 
mY,  IF,  LF,  the  fines  of  the  alts,  at  w,  c,  N. 
»/'the  fine  of  the  midnight  depreffion. 
Of  the  fine  of  2  h.  8  m.  J  is. 


Now  ^c  :  OQ^:  :  (nc  :  him::)  il:  mh.     Then  z«L  +  LF=/nF. 
And  oc:cg  :  :  (nc  :  c« :  :}  il  :  ik.     Then  iK^iF=nf, 

Hence  LjWL=:L\of  +  rad.-FL,iL.     And  L,iK=:L\oi-  +  Lf^  +  LjiL. 

Here  Of =/,  2 h.  8  m.  IIS.      =^30° 2'45"=o,53059  ;  and  ^^  =  1,5306. 

iF=/,36"o'=:o,58778;  andLF=/,     i4''43i'=:o,254i8  ;  foiL=:o,3336 
0^=32°  2' 45"  its  L/,  0,27524        Of =32"  2' 45"  its  w,         0,27524 

iL=o,3336         its  I.  9.52323         11=0,3336       its  L.  9,53323 

Rad.  10,00000        ff  =1,5306      its  L.  10,18486 


ji  =0,62874 


9,79847         iK=o,96234 


Then  mF—OySSiqi  the  fine  of  62°  00''  the  meridian  altitude. 
And     «/"=o,37456  the  fine  of  22  00  the  midnight  depreflion. 
Hence  the  latitude  is  48°  N.  decl.  20°  N.  on  May  19th. 


9-98333 


(185). 


192. 


PROBLEM     XLVIII. 


jft  a  place  in  the  ivejlern  ocean,  in  the  month  of  July,  the  Sun's  altitude 
was  found  to  be  46°  at  2'' 49"'  9'  P.  AI.  ;  and  to  be  36°  high  at  3^  51"^  49' 
P.  m.  :  Required  the  latitude  of  the  place  and  day  of  the  month. 

Let  ?n,  B,  c,  n,  be  the  Sun's  places  at  noon,  at  2  h.  49  m.  9  s.,  at  3  h. 
51  m.  49  s.,  and  at  midnight  j  and  niY,  HF,  If,  the  fines  of  the  alts,  at  ot, 
v.,  c.  ob,  oc,  the  co-fines  of  the  time  from  noon  j  or  the  fines  of  th.e 
tjjne  to  6  o'clock. 

Now  be  :  f^c  :  :  (bc  :  wc  :  ; )  hi  :  mi.     Then  wi4-if=772F. 
And  bc  :  bq  ■.:  (bc  :  e«  :  :)  in  :  hk.    Then  hk — hf  =  fk=«/". 

Hereo^=.f,  3  h.  lom.  51  s.=^,47°  42'45"=o,73g73  7  ,.         ,_      ^  , 
^1        o  .     _  ^  _    ^'•'^'     J- Hencc*c=o,20oiQ 

oc  TZ.5,  2  a.     8  m.  1 15.=;,32      2  45   =o,53oc9  3  '  ^^  ^ 

nF=j46°rro,7i934.;  ir  =  ;,  36''=o,58778  ;  hi=o,I3i  56;  bqTZ i ,'j •^g?. . 

Alfo  qrzz[\zT,  fine  of  57"  57'  15"=}  2;/;5:57°57'  i5"=2/j,  28°  58'  37", 


Then 


BookV. 


ASTRONOMY. 


Then  bcz=.      0,20919 

_    f  «,2b''58'37' 


mi=.,2g^: 


0,67947  And    ^f=:o,209T9 

9,1  1912  Hi=:6, 13156 

9,37050  ^£  =  1,7398 

0,30103 

— — —  HKm,  0942 

9,47012 - 


257 

0,67947 
9,11912 

10,24050 

10^03909 


Then  /wf=o, 88298  th2  fine  of  62°  the  mer.  alt.   7  Hence  lat.=48°  N.  decl. 
And      w/'r:o,37486  the  fine  of  22    the  mid.  depr.  J  20°  on  July  23. 


193- 


PROBLEM     XLIX. 


Being  at  fea  in  the  ive/iern  ocean^  the  Sun  was  ohferved  to  have  27°  24'  of 
altitude  when  due  IV.  j  and  to  have  I4^43|'  alt.  at  6  h:  P.  M..:  Required 
the  latitude  of  that  place ^  and  the  Sun's  declination. 

Let  C)  N,  be  the  Sun's  places  at  W.,  and  at  6  h.     77) 

oc,  N/,  the  fines  of  their  altitudes.  .  Q 

cr=ON,  the  arcs  of  declination. 

Z.  cof  =  z.  NO/=latitude. 

s  cc 
In  Ao^c.     As  s,oc:r::sjCc:s,jLcocz=- — XR. 

j,oc 

In  Ao^N.    As  i-,oN:R::j,N/:^,Z.No/=: XRi 

Then =( =  I And  ss.cczis.oc  xs.i^t, 

i,OC       VXjON       /S)CC  '  '  ' 

r\        1    TTr           1         y          1    1    /-.  ^•^»  ^^f-  W.  +  Lf,  alt.  at  6  ,    , 

Or  i,  alt.  W.  Xf,alt.  at  6=:jj,decl.  Or =L5,decl. 

And  LV,alt.W.  -f  Li-,decl.=:Lx,lat, 


oc=;,27° 
^/=:    14 

24     Its  L,t 

43i  its  L.j 

Sum 

00' 

24    its  l' 

9.66295 
9,40514 

cctz    2C° 

o.-r:    27 

19,06809 

9,53404 

0,33705 

/^Q07.^     48     00 


194. 


9,87109 

P  R  O  B  L  E  xM      L. 


At  a  place  in  the  wejlirn  ocean^  the  Sun  at  rifing  was  ohferved  to  he  59* 
15^  40'''  from  the  true  7icrth  point  of  the  hori-zon  \  and  at  6  /;.  A.  M.^  the 
altitude  was  obfervtd  14°  ^^Zx-   R^f^ired  the  latitude  and  declination. 

Let  V,  and  N,  be  the  places  of  the  Sun  at  rifing  and  at  6  h.  A.  M. 
K/,  the  fine  of  the  alt.  at  6.  Qii^xv  are  arcs  of  dcclinaiion. 
oz;,  the  afcenfional  difF.  Z.NO/=lat. ;    /.VO-y^co-lautude. 
ov,  =:co-amplitude. 


N 


ow 


^0 


ASTRONOMY.  Book  V. 

S^OV  XSyVOV 


,>?ow  in  A  OVi/.     As  R  :  s^v  :  :  s,vov :  SyVv— 
in  A  NO/.     As  J, NO/ :  R  :  :  i,N/  :  j,on=: 


R 
R  X  X,N/ 

J,  NO/ 


^.       J,OVXJVOV      JjNtXR  ,  J,N/ 

Then = i  and /jVo-yx^NO/r: Xrr. 

R  JjNO/  J,OV 

That  IS, = J, NO/ Xi, NO/; hence =:(2j,no/Xx,no/=:);,2no/. 

J,OV  JjOV        ^ 

(IV.  189) 

Therefore  lV,  ampl.  +  Lj,  alt.  at  6+  l,2  =  lx,  double  the  latitude. 

If  the  latitude  is  lefs  than  45";  othcrwife  it  is  double  the  co-latitude. 

lV,  ampl.  59°  15' 40"  0,29147  Rad.  r  10,00000 

I/,  alt.  6  14  43  30    9,40514  /.arnpl.  59°i5'4o"  9,708^3 

X,    2  0,30103  /,  lat.       47    59  9>8256s 


I 


1/,  84*  02' 

Co-]at<  is      42   01 

195. 


9,99764 


/,  decl.    20  00 


9,53418 


PROBLEM      LI. 


Being  at  fea  tn  the  voejlern  ocean^  fame  time  in  the  night,  the  dijkince  of 
iwojiars  when  both  were  on  the  meridian,  was  obfervedto  be  20*;  and  l*^  49'^ 
after,  the  difference  of  their  altitudes  was  14  SSf^  and  the  difference  of 
iheir  azimuths  30°  C)\' :  Required  the  latitude  of  the  place. 

As  the  flars  were  on  the  meridian  when  firft  -.J^^ 
oblerved  ;  their  diftance,  difference  of  declina- 
tion, and  difference  of  altitudes,  at  that  time, 
are  equal  :  If  they  are  firft  at  d,  b,  and  in  the 
difFeicnce  of  tinw;  revolve  to  d,  b  ;  then  is 
known  Z.P,  Z.DZB,  db,  and  zb — ZD. 
Let  ZB — ZD=;N;  and  find  zb  +  zd  =  m. 

Now  (IV.  239)  J,Zn  X^,ZD  xAoZB+i^ZD  X;ZBr:/,DB. 

Or  (IV.  181,  174)  IAn— f ^MxAozB-f  fx\N-|  |5\m=:/>db. 

Or  ^DZR  X  {  j\n ^DZB  X  \s^lA  +  {/n  -f  |/m  =/,JDB. 

Or  iVo^BH- 1  X  i^N-f  1 — J,DZi;  x  i/,Mrry\DB. 


Then 


j\M: 


( 


2i  ,DB  — I  -f  i'pZB  X 
I — S"  DZB 


i\N___  \2/,DB — T>\d 


—  V ,DZ3  X;  ,N 


^  /2i,DR       ■y,DZBXiN       \      2;,DB  2ijiDZBXAf 

Or       J,M={  — =  ) — Ll. 

V^'jDZB  WjUZB  /25;,iDZB  2SS,{VZB 

(IV.  193,  197) 

Let2L\',|DZB   |-Lr,DE=:L,A  ;    and  2L'i,|DZB.L2I.^,|DZB  +  Lf>'rrL,3. 

1,16952 
9,96960 

I,l2-l8li 


Then      jMrzA — p.. 
Here       de~20'^oo' 
Z.DZB~3o     9I 

|Z- D7,B  =  I5       4! 

SE— aD=:N  =  i4  355 


2tV.iD7.B        1,16952 

l/,i)e         9,07200 
Ar:i3,8S4    1,14251 


B 


i\M;=  C)>553  ;  a"f2  ^b  +  zd 


21,  i,fD2B 
2l/,|z8 

Ls\n 

8  =  13,331 


Theii 
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i59 


Then  f  fum  +  |(lifF.=:zB  =  35°  30^^;  and  f  fum  — f  diff.  =zDr=20^55^ 
Now  s^DB  :  i-,DzB  :  :  s,zb  :  s^pdz  j  and  /,zpd  :  SjPDz  ;  :  j,zd  :  x,zp  42°  i\ 
Hence  the  latitude  is  47°  59'  N. 

196.  PROBLEM    Lir. 

By  obfervations  made  at  a  place  in  the  wejlern  oceariy  it  was  found  that 
the  Sun^s  altitud€  zvas  36*^  5.,  when  his  azimuth  was  N.  100°  5^  E.  and 
his  alt.  was  46°  5.,  zvhen  his  azimuth  was  N.  114°  28'  E,  fVhat  was 
the  latitude  of  the  place  and  the  Sun^s  declination  /* 

Let  A,  B,  be  the  Sun's  places  when  obferved. 
In  the  triangles  paz,  pbz,  where  pa^^pb. 

By    IV      2-^0     j  ^ZPXJ'ZA— APZAXi,ZPXr,ZA±:APA* 
/  •        OV'    (  /jZpXi\zB— /,PZB  XJ,ZPXX,ZB=:y\PAi 

Thenf\pZBXX,ZBXX,ZP  — i\pzAXX,ZAXJ,ZP=ri\zBXj\zP — j\zAX /,1I5P. 


Or        /,PZB  X^,ZB— i\pZA  X  J,ZA  X  J,ZP  — J'>ZB — S  yZA  X/,ZAXi\zP. 

,r,ZA        /s\zp         ^  \ 


Then 


5,PZB  X  J,ZB  CO  i  ,PZA  X, 


J  ,ZB — X  ,ZA 


the  latitude. 

Let  l/,  pzb  +  LI,  zB  =  L,A  :    And    l/,pza-}-lx,za  ±:  Lj  b»      Then 


A  «^  B 


:f  ,RP. 


X  ZB  —  S  ,ZA 

Here  a:=o,i4i64  j  b  =  0,28770  ;  f\zB  ft  0,71933  ;  j\za  5:  0*58779. 

Then^^^^— J-,Q005::r/,42°.     Hence  lat^  is  48°  N.  dec).  20°  N» 
0,14606     »?     J      '1^ 

197.  PROBLEM      Llir. 

Given  two  altitudes  of  the  Sun  and  the  ti?ne  from  noon  when  th'ofe  ultitucUi 
I'sere  taken  ;   thence  to  fnd  the  latitude  and  declination. 

Exam.  ///  8  Z».  8  ;/:.  \\s.  A.  M.^  the  alt.  zvas  36°  ;  and  at  g  h.  10  m. 
51  ;.  the  alt.  was  46'^  ;  at  a  place  in  thf  zve/lern  ocean ^  fome  timt  in 
May.i-^bi. 

Let  B,  A,  be  the  Sun's  placci 
obferved  j 

w,  n,  thofe  of  noon  and  midniizht; 
F^,  F*'/,  F7W,  FK,  reprcfcnt  the  lines 
of  thcdiftanccs  of  thofc  pbces  from 
tiie  horizon  HR,  to  the  diameter 
*^q\  zx\A  d  t=.Yd — Ff. 

On  myi  dcfcribc  the  femicirclc 
mhn^  rcprcfenting  half  the  parallel 
of  declination,  and  let  a^,  b^,  be 
at  right  angles  to  mn :  Then  will 
the  angles  we/*,  m'S.a^  reprefent  the 
times  from  noon,  at  the  obferva- 
tions b,  a  ;  and  rwB,  ;wA,  arc  as 
the  verfcd  fines  of  thofe  times. 

And  wB — ;7JA~AB. 
Then  AB  :  d(  : :  ms  :  ne  ',  and  mt+?ezzrmj  the  fine  of  urn. 

S  2  Alia 


^6o 
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Alfo  AB  :Je::  mn  :  triK  ;  and  k»j— rw=:FK,  the  fine  of  R«. 

Hence  the  latitude  and  declination  are  found.  (1^5^ 

-.  ,  ,  ,     ,        mb-i-ma         mb—tna 

Here  ab  =  ( j  jwa — s^ffnbzzsy         ■ —  x  2j, ;; =  )j,m  X  2f,N. 

2  2 


2d+ift  2d— ift      , 


(IV.  i8i) 


And  ^if=(j,2d  alt. — s,i{i  alt.r://-  I     •  X  2;, — - — =:j',w  x  2j,v. 


rsow  L,-—  X  mn:=LjmK.^Ls\M  +  lj  ,n  +  lj,w  +  L,iV,L,2. 

AH 

And  L, —  xmB—Ly77tgzzLymK.-\-2Ls,ljLnii.b. 


(IV.  182) 


In  this  example,  the  z.wEi  =  3  h.  51  49=57**  57I';  its  1=28°  58^. 
iCwEflsrz  h.  49     9=42  17I. 

0,86553 
9,87778 
8,94030 
0.30103 


5r 
42 

•7i 

A6 

36 

o'=:w. 

>oo 

Hi 

50°  7i'=M 

82 

41° 

'5 

40 

7  50    =  N 

10 

5 

0  =v. 

^,36^ 

=0,58778 
=0,29521 

-.62°  0' 
:22     I 

'9" 
51 

:io,88299=: 
1=1,25810 

=0,37511  = 

84     2 

10 

39 

58 

28 

L  J,M 

50°   7^ 

L  /,N 

7  $0 

Li  ,W 

41     0 

LJ.V 

5     0 

L,2 

L,K«I 

I, 

25783 

2tJ,~m 

^  28 

«58f 

10,09962 

937050 


L,me      0,29521 
42     o'  55"  the  co-Iatitudc. 


9,4701? 


19   59    14  the  decl.  on  May  20th. 


198.  The  following  is  another  folution,  on  difFerent  principles. 
In  the  triangles  bpz,  apz,  are  given,  (fee  the  foregoing  figure.) 

Ez,  Az  ;   BPZ,  APZ,  hour  angles ;  and  P3  =  pa  ; 
To  find  PE,  rz;  for  whofe  Ann  and  diff.  put  M  and  N. 

Now    nV      2-2Q)     J^iPBXJ,PZxAbPZ  +  ApBxApz  =  AbZ. 
V         •        ^yJ      t  i,PA  X;,PZ  x/,APZ  +  /,PA  x/,PZ  =  i\AZ. 


Or (IV.  181. 174) {;V^    ^,Mxr, 


BPZ4-|y\N'-»-  f  J  ,M=J,BZ. 
APZ  +  i/,K  +  i^  ,M  =/,  AZ. 


Therefore  (f/,K-i/,M  =  )f::'^^-'^-^^-^^^^'^-^^'^^"-^^'^  +  ^^>- 


S  ,CPZ 


S  ,APZ 


And  (  |x\n H-  |/,m  = )  j\Bz-^i/,N— ^r  ,.m  x  /,Bi*»z  =  j\  az — |/,n — I;s\m 

X  i\APZ.  

Hrnce  /,Bzx/,APZ — ls\s  t  5i\MA;\AFZ  =  ;\Aixj\EPZ — iA^+iA^i 
X/,BPZ. 

Therefore 
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;  /,BZ  X/,APZ  —  j\  AZ  Xi\BPZ=:/,APZ /,BPZ  X  fA**  +  v^M. 

/,AZ  —  /,BZ    r=/,APZ /,BPZX|/,N {s\u. 

AbpzxAaz — Aapzx/.bzI 

;  f  5  ,N  +  is\M=- . ' L_  I 

j,apz— yspz.  -f 

>  Hence  IV.  210- 

.  J,AZ J,BZ  I 

ir     KT If     HT— I 


Therefore  /,bzx/,apz — j\ 
Again 

Therefore  f 
And 


|j  ,N— -Jj  ,M=:-^ r- 

-  JjAPZ /,BPZ 

/j\az  + j\bPZ  Xj\az  —  /,BZ — /,y 

'  \^  i,APZ— J,BPZ 

I  +  /,BPZ  X  /,AZ —  1  4  ^  ,  APZ  X  j\l 
r\  AP7, —  f  ^RP-z 


=) 


.  4  ,j',APz  X  j\bz 

/,APZ  — /*BP^ 


A\bpz  X  j\az — /,Az — j\apz  x/,bz  +/,  bz__  Y 

■^'^'"V  /,APZ — /,BPZ  '""' 

I — j\bPZ  X/,AZ — I /,APZ  X  j\bz 

JjAPZ y^BPZ 

^              /^\bpz  Xj\az— i;\apz  X  Abz      \ 
Or,  JM=   ^ . > =  ) 

V  JjAPZ /,BPZ  / 

25VfBPZ  X  j\az  —  2jV,|aPZ  x/,BZ 

/,APZ /,BPZ 

.       ,    ^  /T',BPZXi\AZ — 'Z;,ABZX/,BZ        \ 

Andj,K  =  { r^ ; =  J 

*  V  JjAPZ — JjBPZ  / 

2/J,|BPZ  X/,AZ  — 2JJ,iAPZ  X  j\bZ 
j\aPZ  —  /,BPZ 


j\aPZ  —  /jBPZ 

Here  BPzr=57°  57A',  its  1  =  28^  58.^/;  apz=42»  ijl\  its  1  =  21"  8?'. 
Bi=:54°;  Az=:44°;  /,BPz  =  0,53060  j  /,APz  =  0,73978,  their 
difference =0,209 1 8. 


21.//, 

l/. 


28°  58^-' 

44- 

1,10104 

21°  8^ 
54- 

1,02260 


(  0,3010 
{9,8838, 
9,85693 


84  ''"' 
l/. 


10,04180     h,a 


{  0,30K 

(9.939^ 


103 

.  .39+6 
9,76922 


10,00971 


l.B 

I.,A— .B    0.0784.4  _,-^^j^ 

l.r,AV7. j\bI'Z      0,20918      9,320,2 


8,89454 


l/,M     I 


12-    ll' 


9,57402 


28= 


5»ff 


2L//, 

l/. 


44- 
0'33764 

2l«»   8f 

54 

0,15298 

0,18466 


Its  t=2r  sr. 
:  0,73978,  their 

J  0,30103 

I  9»3705» 
9»85693 

9,52846 

I  m  mi 

C  0,30iO} 
{9,11438 

9,76922 

9»i846j 
9,26633 


L,,.— A     o,  i»40b  g,2bb^j 

Lj\  APZ J,  BPZ     0,20918       9,32052 


l/,n'      -28' 


9.945^5 


Hence  the  latitude  is  48^  00^  N.  ;  declination  19''  59'',  which  aiifwers 
(Q  tUe  20th  of  May. 

S  3  190.  And 
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log.  And  hence  is  readily  derived  the  inveftigation  of  that  method, 
pubiith'ed  in  the  year  1759,  and  then  ufed  by  fomc  for  finding  the  true 
latitude  at  fca,  by  knowing  the  latitude  by  account  (or  dead  reckoning), 
the  Sun's  declination,  two  altitudes  of  the  Sun,  and  the  time  between  the 
obfcrvations.     Thus.     See  the  laft  figure. 

Let  M  and  N  reprefent'  the  half  fum  and  half  difF.  of  the  times  from 
noon  ;  W  and  v,  the  half  fum  and  half  difF.  of  the  two  altitudes. 
AB  the  diif.  of  the  co-fines  of  the  times  from  noon,  to  the  radius  Em. 
AD  ;he  difF.  -of  the  fines  of  the  altitudes. 
^PAD  rcprcfents  the  latitude  ;  e;w  the  co-f.  of  the  declination. 

Now  (i97)^,MX2j,K  =  AB  reduced  to  the  rad.  I  q^q;  and  j\wx«x, 
t:;:ad.     But  in  the  triacgle  abd. 

A  lat.  :  R  ; :  AD  :  ab=:  -T-j-f-  x  ad,  to  rad.  Em, 
'  s ,  lat. 

And  A  decl. :  R  : :  ab  :  ab  x  jr^^  =-~  X  -^^^  x  ad  =  ab  reduced 

to  the  radius  f  Q^q. 

Then  .,M  X  2^>N=7;d^  x^;^  X  Aw  X  2;,v. 

^"^^«^^=?:dk^Ak^VN^'^'''''''^' 

Then  m  +  n=Z.we^,  the  time  from  noon  at  the  leafi  altitude. 

And  M — Nr=/i??/E(7,  the  time  from  noon  at  the  greateft  altitude. 

Hence  the  vcrfed  fines  of  the  arcs  ?nb  or  ma^  are  known  to  rad.  f  <^^. 

Now  R  :  Effi :  :  "Vytna  :  mA  ~  E?n  X  v^ma  j  or  mh  zz  Em  X  Vyml/. 

And  R  :  s^mhd :  :  wa  :  md  ( :  :  otb  :  me.) 

Then  ¥m  —  ¥d-i-dm,  or  to  ¥e-\-em^  is  the  fine  of  the  mer.  alt. 

Hence  the  two  operations, 
ifl.  lV,  decl.  +  LV,  lat. -f  lV,n  +  lj\w +  lj,v=:L5,m. 

Hence  the  times  are  known  ;  viz.  arcs  ma.,  nib. 
ad.   hi,  decl.  +  Lj\  lat. -f-L,2  +  2Lj,fOTa~L,W. 

Then  by  the  merid,  alt.  and  declination  the  latitude  may  be  found. 
If  this  latitude  and  that  affumed  are  the  fame,  then  the  latitude  by  ac- 
count, or  dead  reckoning,  may  be  taken  as  the  true  latitude. 

But  if  they  diftfer,  it  is  plain  that  the  /Linhdy  the  co-latitude,  is  Icfs  or 
greater  than  was  aflumed. 

200.  PROBLEM     LIV. 

Given  three  dtfcendiug  (or  afcending)  altitudes  of  the  Sun,  taken  on  the 
fame  day  at  unequal  known  intervals  of  time  \  thence  to  find  thofe  times,  the- 
latitude  of  the  place  of  ohfervation,  and  the  Sun^s  declination.  Thus,  fuppofe 
in  'July,  1 763,  the  altitudes  were  54''  30*^,  46%  and  36''  ^  arid  the  uitervaU 
tf  tinx  60  n.  ^^  s,  and  62  ;;;.  40  /.  3  required  th:  rsjl^ 


J^ct 


FookT. 
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Let  ma  ft  he  the  parallel  of  de- 
clination defcribed  on  m  n,  and  a, 
h^  Cy  the  places'  of  the  Sun  when  ob- 
ferved ;  a  a,  i  b,  and  e  c  the  fines 
of  the  times  from  noon  to  the  ra- 
dius Em;  m,  n^  the  places  at  noon 
and  midnight ;  and  let/" F,  ^  F,  ^  F, 
/«  F,  F  K,  reprefcnt  the  fines  of  the 
diftances  of  thofe  places  from  the 
horizon  hr.  Draw  c  g  parallel  to 
A  c  ;  then  if  the  Z.  gcE,  which  is 
equal  to  the  Z.  mEc,  the  time  from 
noon  when  the  greateft  altitude  was 
taken,  could  be  found,  the  times 
from  noon  when  the  other  two  were 
taken  would  be  known  alfo.  Now 
c  b  being  one  interval,  and  b  a  the  other,  b  c  and  b  a,  the  chords  of  thefe 
arcs,  will  be  known,  as  alfo  ca^  which  is  the  chord  of  their  fum.  Draw 
h  0  perpendicular  to  a  c.  Now  in  the  right  angled  /\  cbo,  the/.^  f  o— | 
the  arc  ba  (II.  I20),  and  the  fide  c b  =.  twice  the  fine  of  i  the  arc  be, 
confcquently  K  :  s,b  c  o  { —s  §  arc  b  a)  :  :  b  c  (=  2  Sy  ^  arc  be)  :  bo;  and 
R  :  SyC  bo  {s\  I  arc  b  a)  :  :  b  c  {2  s^l  arc  ^  r)  :  c  0.  Now  df^  d  e,  thp 
difF.  of  the  fines  of  the  altitudes,  are  known  ;  and  the  lines  fd,  AC,  a  c, 
arc  cut  proportionally  in  ^,  b  and  r;  confequently,  df:  de  :  :{ca  :  cb:  :) 
e  a  :  c  fy  and  c  0 — c  r:=.r  0  :  In  the  triangle  b  0  r,  (III.  46)  r  0  :  b  0  :  ; 
ft  :  /\  Z.  r  /»  oz=.  i_r  eg.  NowZ.«  f  e  (  zrcompt.  of  \  whole  interval  a  f) 
—  Arc^rr/.^  c  £  =  Z-f  E /«r: time  from  noon  when  greateft  altitude  was 
obferved  j  therefore  the  time  is  known,  as  well  as  <:m  the  verfed  fine  of  tl^aC 
time  from  noon. 

Again  R  :  s-,acg  :  :  ec  :  c g-=zAC. 

And  AC  :  mc  :  :  f  d  :  dm.     Then  Fd-{-dm  —  F??i,  the  fine  of  urn. 
And  AC  :  mn  :  :  f  d  :  mv:.     Then  Yim — F;?zr:FK,  the  fine  of  R//. 

This  Problem  has,  at  times,  for  near  a  century  pafF,  exerclfcd  the  ta- 
lents of  many  ingenious  perfons,  as  well  in  RufTia,  Germany,  Holland, 
and  Franco,  as  in  England  j  perhaps,  on  account  of  its  apparent  ufe  at 
fea  :  And  among  the  diftcrent  folutions  there  feems  none  fhorter  or  more 
intelligible,  particularly  to  beginners,  than  that  above ;  howcycr,  for  the 
fake  of  the  more  inquifitivc,  another  folution,  which  has  been  commonly 
given,  is  here  fubjoined. 

201.    In  the  laft  figure,  the  three  tiiangk-s  cpz,  cpz,  APZ,  are  tho^ 
concerned  ;  in  which  the  fame  two  fides  arc  common  in  each. 
/, CPZ  x^,pc  Xi,pz  +  /,pc  X  j\pz--i\zc   1 
/,EP7,  XI,  PC  x\f,pz4-j\pc  xi\pzm\zs  >by  IV.  239. 

f\APZ  XI,P7,  X  J, PC  -|-/,PC  Xl\V7,  — /,Z  A    J 

Then  j^,ci'z — i\bpz  X  j,pc  x  j,pz:=:',^  ,iC  —  /,zn  =  )  d.  (II.  4S.) 

And    :\cp/.  - •/.  APZ  *r  j,pc  Xj,Pzr=(;\''',c  —  f\zA~}  D. 

Hence  nxj,.i'/. — i,r:' '  ^-''xi^cpz — i\Ai'z.  (IK  14?) 

Then  PX/5CP/,  - ..'/ .*  ,cpz:^i>  X /,DPz — d/sSyM'Z. 

b  4,  Or, 
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Or,  dXj\cP7 — tlxi\cpz{='iy^y.s\cvz)  =dxAbpz — dxs\A2z, 
But,  BPZ  =  cpz  +  BPC,  and /!^pz  =  cpz  + APC. 

flence  d— <f  x/.  S  D  x  j\cpzx/,bpc— d  xj,cpzxj,bpc — 


CPZ=. 


,CPZXj\APC4i  X  J,CPZXJ,APC 


I  by  fubftitu. 


Or,    D  —  DX  j\BPC ^+<5^X/,  APC  X /,  CPZ  =  ^X  i,  APC DXS,BPC  X  ^, 

CPZ.     Wherefore, 
D — dxj\bpc!72  d — dxs\APC 


r/Xi,A  PCco  D  XJ,BP  C. 
f,  BPC  X  Dco-y.    APCXd 


/^_i— j\bpc  xd  c/j  I— j\apc  x</  \ 

\"~  ^/XJ,APC  CA)DX^,BPC^  / 

— i ;=:/,  CPZ,    the    meafurc   of  the  time 


""j,  APC   X^V3  JjBPCXD  J,CPZ 

from  noon  when  the  greatcft  altitude  w^s  obferved, 
l^ere  Fd  —  SyS'^°  30' =10,81412  l 

¥e=s,d^6  00  =0,71934  V. Then  «^=o,22633  J  ^^^3=0,09478. 
f/=j,36  00=0,58779! 

Thearc  r  *,  orz.cPB,=  i  h.  o  m.  55  r.  r:i5°i3i'}  its  f  =  7*361'. 

arc  abf  orZ.BPA,  =  i  h.  2  m.  40  r.  =  i5  40    ;  its  |=:   7   50. 
arc  ca'y  or4.cPA,=;2  h.  3  m.  35  f.=30  53J  ;  its  f  =  15  26|. 


To  find  the  hmr  by  thi  \Ji  method. 
10,00000 
9.13447 

9  I22Z4 


li^adius 

Is  to  /,  I  ba 

As  s,  \hc 

To  \  ob 

Radius 

li  to  s,  I  be 

As  /  J  ba 

to  I  CO 

h  to  dt 

So  is  I  ac  (^,|rEa) 
To  f  rr 

A?   f  ro 
Is  to  f  io 
So  is  Rad. 
To  r,^rbo 

/.a  c  E 


90**  00 

7   50 

7  36J 
,01806 
90°  00' 
7  36I 
7  50 
.'3127 
22633A. 
,09478 
i3'^26f 
,11154 
.13127 
,01973 
,01806 
90  00 

47   32i 

74  33} 
i^  ^f  E~z.  «  E  <-::;  27     1; 

Time  of  2d  obfwvation 

Time  of  3d  obfervation 


8,25671 


lO.OOCOO 

9,12224 
9-99593 


q-i'8i7 

c.0,64526 

8,97672 

9,42547 


Q.04745 

1,70480 

8,25671 

lo.orooo 

o,Q6ii;i 


L  in 

:  I  4.S     4 

2  48   59 

3  51   39 


To  find  thi  hour  by  the  2d  method. 


D  {Zz/d) 

.22633 

9.35474 

/,Z.BPC 

15°  Ui 

9.4»943 

DX/,BPC 

,05945 

8,77417 

di^-dt) 

,09478 

8,97673 

i,Z.APC 

30°53r 

9.71052 

</XJiAPC 

,04867 

8,68724 

D  (=/</) 

,22633 

9.35474 

fiZ-BPC 

15° '3r 

8,54552 

D  Xi;,BPC 

,00795 

7,90026 

dizzde) 

,09478 

8,97672 

1/,APC 

30" 531' 

9. '5 '98 

dXv.hTC 

.o'345 

8,12870 

D  X  V.BPC 

.00795 

i X  f ,  A  P  C~D  X  f ,  B  P  C 

.00550 

17,74036 

dXj,bpc — </Xj,apc 

,01078 

8,03262 

tang.  27°  i|     9.70774 

Hence  theh.fr. n.  of  iftob. is  i^'^S'  y'' 
Of  the  fecond  obfervation  2  49  2 
Of  the  third  obfervation  3  51  42 
Confequently  from  any  two  of  thele, 
with  their  correfponding  altitudes  the 
latitude  and  declination  may  be  found 
by  Problem  53. 

Here  the.  altitudes  are  fuppofgd  to  be  defcending  pnes,  or  in  the  after- 


noon. 


202.  If 
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202.  If  the  altitudes  were  taken  at  equal  intervals  of  time ;  the  two 
firft  proportions  are  ufelefs  :  For  a  b  and  b  c  being  equal,  the  point  0  falls 
in  the  middle  of  the  chord  c  a  ;  and  b  5,  the  verfed  fine,  is  known. 
Then  df:  de:  :  (ca  :  cb  :  •.)ca\  cr  ;  and  c  0 — crrrra. 
And  bo  \  ro  '.'.  Rad.  :  t,r  b  o^zza  c g ;  and  aCE — ac g-=.gcE=:cEm. 
Hence  the  times  from  noon  are  known  j  and  alfo  mCy  the  verfed  fine  of 
cEm. 

Again,  in  J^  a  c  g.  r  :  s^,acg  :  '.  ac.  cgz=  ac. 
And  AC  :  mc  :  :  fd  :  dm.     Then  ¥d-{-dmzzTm. 
Alfo  AC  :  mn  :  -.fd  :  mK.     Then  Km — ¥m=zFK. 

Here  /»'k=:o,8i412,  rF=:o, 71934  ;/!•■  =0,5 8779  ;  <^=:022633  ;  dezzo,og^'^2. 
Alfo,  arc  <-^=i  h.  i  m.  47^  f.r:i5'^  26!';  coz=.o,z66^6  ;  ^0^10,03613. 
Then  df '.  de  ;  :  ca  \  crzzOyZZ-i^oi^  ;  and  ro— fr:z:o,04327. 
And  bo-.ro'.:  Rad.  :  t,rbozz^o°  S-}'—  ;  then  74°  33'^ — 50°  8'j=24*'  24I'. 

1;^  m     s 
Then  24°  24!'=:  i   37  39  from  noon  at  firft  alt. 

And     24°  24|:'^i5°  261  =  39°  5l|r=2  39  26f  from  noon  at  zd  alt. 
Alfo     39   51I+15    261=55    i8j=:3  41    14     from  noon  at  3d  alt. 
Here  the  altitudes  are  fuppofed  to  be  afcending  ones,  or  in  the  forenoon. 
Again,  rad.  :  J,cag  :  :  ae  :  Acrro,34i42. 

And  AC  :  OTC  :  -.fd  :  <//»=:o, 05927  ;  then  /wrrro, 87338=1,  60°  51'. 
Alfo  AC  :  m»  :  :  fd  :  wKm, 32581  ;  then  fk=o,45243=:/,  26°  54'. 
Hence  the  latitude  is  46°  nh  N.  and  the  declin.  \(y^  ^8^'  j  or  on  May  7th. 

203.  But  the  operation  in  this  cafe  maybe  much  contra£led.     Thus, 

r         fjr     J                  V          deXca                            /            dey.2co      \ 
imcc  [df:  d  e  :  :  c  a  :)  cr=  ;  thence  rozzfcc -jy — —J 

df-^ideyt.co 

(re  r^-Aco  \      Tiy.\co 

And  {b 0  '.  r 0  '.  :  "Bl  :)  t.r b  o-=L\  7— =-7-7— 1 — 5=  ]T7z J — T* 

^  '    ^  \bo     df:i<2is^\cb     Jaf)(,ss,\cb 

where  d  =  df —  id e. 

B\i\.KXv^cb  —  ss^\cbzz{s^cby.t,\cb.  (IV.  193,  195) 

Then  t^r  b  a—  , — 7;  01  U,r  b  o=:ht,lcb  +  L\df+L,n. 

d  T  J\  *  ^  y  c  o 

Alfo  (r  :  s\a  eg  :  :  a  c  :)  AC=.{s\a  c  g  Xaczz)  s\a  cgxis^cb. 

.     ,,                        ^,    N              /mnxfd            IX fd             \           fd 
And  (Ac:mn::fd:)m¥i  —  [ ~= 7  =  j -,. 

^  J  '     '  V       AC  s  ^a  c  gX2s,c  b     ySyCicgXSycb 

A    J/                      r,   \     J     fmcxfd     fdx2ss,lm?c_)        fd 
And  ( AC  :  mc  ::  fd  :)m  d=[ — — ••^— =  ^,  —     -  /  =  J-r 3 r 

XsslmEc. 

Hence  Ls^^a  c  g-]-Ls,cb  +  L,fd  =l,wk. 

And      Ls\a  cg-\-  LSyC  b  + 1-?/^+  2Lj, ^;wE r  =  l, W. 

Here  <^=r5,2263^;   2<iV  =  o,  18955  ;  and  D  =  (fl^ — za'tzz)  0,036/8. 
Alfo  i  cl=:j°  43'  26";  and  aazzy^"  33 j'. 


W: 


^66 

t,D   =0,03678 

t,/,r^c=:50">  09' 
«*«      =74    33t 
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0,86764 
0,64526 
8,56561 


10,07851 


mic~       24   24!^;  half  is  12°  12V/ 


Lj,aeg      r:  50*  09 
Cj,6e         r=  15    2t^ 
h,/J  =:     22633 

L,«tK,        =2  1,32602 

2LS,lmtC     ZZ    12°    12tV 

L,«r         </  rr  0,0592^ 
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0,19329 
0,57452 

9.3547 

fc   III  I  ■ 

10^12255 
8,64998 

8.77253 
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204.  Given  the  obliquity  of  the  ecliptic,  the  latitude  of  a  place,  and 
the  apparent  time  at  that  place.  To  find  the  longitude  of  the  nonagefi- 
mal  degree* 

Construction. 

The  given  time  applied  to  the  fun's  right 
afccnfion,  gives  the  right  afcenfion  of  the  mid- 
heaven. 

Then  let  the  primitive  circle  reprefent  the  fol- 
ftitial  colure,  where  p,  />,  reprefent  the  poles  of 
the  equator  Y  b,  and  ecliptic  T  c,  the  center  Y 
being  their  interfe£lion.  In  the  equator  apply  the 
right  afcenfion  of  the  mid- heaven  from  T  to  b, 
and  the  circle  pzb,  being  defcribed,  is  that  nieri- 
ridian,  the  interfection  of  which  by  a  parallel  of  latitude  defcribed  about 
p,  gives  z,  the  place  of  the  zenith  ;  through  z  defcribe  a  circle  of  lon- 
gitude pzc^  and  the  point  c  is  the  nonagefimal  degree,  and  Tc  itss 
longitude. 

Computation. 

In  the  triangle  p/»  z.     Given  p  p  the  obliquity  of  the  ecliptic^ 

pz  the  co-latitude. 
/.  z  p  p  the  right  af.  of  the  mid-heaven. 
Required        z />  — —  HV.  237, 23ir,  j 


Z.  P/>  z 
Determination. 


and  144.     I 


When  the  right  afcenfion  of  the  mid-heaven  falls  in  the  firft  quadrant, 
its  quantity  in  degrees,  increafed  by  90,  gives  thy  angle  z  P  />,  and  the 
acute  angle  p  />  z  is  the  complement  of  the  longitude  of  the  nonagefimal 
degree. 

When  in  the  fccond  quadrant,  the  faid  right  afcenfion  in  degrees  taken 
from  270,  leaves  the  angle  z  p  /► ;  and  the  acute  angle  P  />  z,  increafed  hj 
90  degrees,  is  the  longitude  of  the  nonagefimal  degree. 

When  the  faid  right  afcenfion  falls  in  the  third  quadrant,  its  degrees, 
taken  from  270,  leaves  the  angle  z  p  />,  and  the  angle  P  />  Zj  increafed 
by  CjO  degrees,  is  the  longitude  foi-'gUt. 
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When  in  the  fourth  quadrant,  the  faid  right  afcenflon  in  degrees,  lef- 
fcncd  by  270,  leaves  the  angle  2  P/>  ;  and  the  fupplement  of  the  angle, 
T  p  z,  fo  long  as  it  continues  to  Be  obtufe,  being  added  to  three  right 
angles,  or  270  degrees,  gives  the  longitude  of  the  nonagefimal  degree  j  but 
after  it  becomes  acute,  its  complement  is  the  longitude  required. 

Note.  In  thefe  determinations  the  latitude  of  the  place  is  fuppofed  to  be 
jiorth,  and  lefs  than  the  diftance  of  the  tropic  from  the  neareft  pole. 

Example.  Jt  Greemuich,  In  latitude  51*  1^\'  N.  the  obliquity  of  the 
icliptic  being  23°  28';  IVhat  is  the  longitude  of  the  nonagefimal  degree  on  the 
l^thofMay  1780,  at  I  h.  24m,  245.  P.  M.  at  2  h.  40^2.  2  s.  P.M.  at 
13  h.  22  m.  26  s.  P.  M.  and  at  i^h.  38  m.  4  s.  P.  M.  ? 

The  feveral  right  afcenfions  of  the  mid-heaven  are  thus  found  : 


1780.  May  14th,  at 
The  Sun's  right  afccn. 

Right  afc.  mid.  hea.  in  time 

Right  afc.  mid  hea.  in  degrees 

The  angle  z  p  /,  or  2  p  / 

The  two  following  operations  arc  wrought  by  IV.  237.  and  238. 


b    m    5 
1   24  24 

3  27  36 

h  m     s 
3   40     2 

3  27  58 

h     m     8 

13   22  26 

3  29  34 

h     m     s 

15  38     4 

3  29  56 

4  52     0 

780 

16  52     c 

19     8     0 

73°  00' 
90   00 

107°  00' 
270   00 

253°  00' 
270    00 

287°  00' 
270   00 

163    00 

163    CO 

17    CO 

17    00 

pz           38°  31}' 
rp           23    28 
Sum          61    59|,  half  is 
Diff.          15      3|,  half  is 

30" 

7 

S9V 
3'i 

Z-Z  p  p   163    00,    half  is 
Half  difF./.5  2  and/ 
Halffum 

gi 

2 

9 

30 

4«V 

The  angle  / 

1 1 

90 

S'J 

CO 

The  difFcrent e 
The  fum 

78 
101 

01 
59 

Sum          61"  59'/,  half 
•iff.          15       3-^,   half 
/.  z  p/     17    00,     half 
Half  diff.  A'szand'/ 
Half  fum 

7 

8 

59 
82 

S9V 

3'r 

30 

34 

^8 

The  angle  at  p 

142 

12, 

go 

00 

Long,  nonag.  In  3d  qd. 

232 

1  z 

s.  9,1  1729 
/\  9.174>0 
/.   ajjiJcoz 


J  .  9,99624 
t\  Q.i"45^ 

/.  9,23765 


is  the  long,  nonag.  In  ift  quad, 
is  the  long,  nonag.  in  2d  quad. 

Ar.  CO.  i.  0,28.^25    Ar. CO. /.  0,06691 
/.  9,99624 

/\  10^825^ 


J.  9,11729 
/\io.82;;o 


/. 10, 23102 


its  fupplement  is 

Long,  nonag.  in  4th  qd. 


/.  10,88865 
37"  48' 

270       O") 


7,07 


lS 


*«*  The  altitude  of  the  nonagefimal  being  equal  to  z  />,  the  diftanCC 
cf  the  zenith  from  the  pole  of  the  ecliptic,  it  is  found  by  the  fines  of  op- 
pofite  fides  and  angles  in  the  fphcric  triangle  z  p  p  :  that  is,  fin.  long. 
;iOfta^.  ;  cg-f,  lat.  ;  ;  iin.  l.  z  r  p  :  fm.  alt.  iiona^crimal. 
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SECTION      VII. 
Of  Praciical  AJlronomy, 

205.  Description  and  Use  of  Astronomical  Instruments. 

By  Practical  Astronomy  is  meant  the  knowledge  of  obfcrving 
the  celellial  bodies  with  refpedl  to  their  pofition,  and  time  of  the  year  ;  and 
of  deducing  from  thofe  obfervations,  certain  coiiclufions  ufeful  in  calcu- 
lating the  time,  when  any  propofed  pofition  of  thofe  bodies  fhall  happen. 

For  this  purpofe  the  Aftronomer,  or  Obferver,  fhould  have  an  obfer- 
vatory  properly  furniflied. 

An  Observatory  is  a  room,  or  place,  conveniently  fituated,  con- 
trived, and  furnifhed  with  proper  aflronomical  inftruments  for  obferving 
the  motions  of  the  heavenly  bodies  :  it  Ihould  have  an  uninterrupted  view, 
from  the  zenith,  down  to  (or  even  below)  the  horizon,  at  leaft  towards 
its  cardinal  points  ;  and  for  this  purpofe  that  part  of  the  roof  which  lies  in 
the  direction  of  the  meridian,  in  particular,  fhould  have  moveable  covers, 
which  may  be  eafiiy  removed  and  put  on  again  :  by  which  means  an  in- 
llrument  may  be  directed  to  any  point  of  the  heavens  between  the  horizon 
aj^d  zenith,  as  well  to  the  northward  as  fouthward. 

The  furniture  fhould  confifl  of  fome,  if  not  all,  of  the  following  in- 
ilrunicnts. 

ill.  A  Pen'dulum  Clock  for  fhewing  equal  time. 
-  2d.  An  Achromatic  Refracting  Telescope,  or  a  Reflecting 
One,  of  two  feet  at  leaft   in  length,  for  obferving  particular  phaeno- 
mena. 

3d.  A  Micrometer  for  meafuring  fmall  angular  diftances, 

4th.  An  Astronomical  Quadrant  for  obferving  meridian  alti- 
tudes of  the  celeftial  bodies. 

5th.  A  Transit  Instrument  for  obferving  objeds  as  they  pafs  over 
the  meridian, 

6th.  An  Equatorial  Sector  to  obferve  angular  diftances  of  feveral 
degrees,  and  the  differences  of  right  afcenfion  and  declination. 

7th.  An  Equal  Altitude  Instrument  for  finding  when  an  ob- 
j«ct  has  the  fame  altitude  on  both  fides  of  the  meridian.  ^ 

It  is  not  intended  to  give  in  this  work  any  other  than  a  general  ac- 
count of  thefe  inftruments,  moft  of  which  have  met  with  confiderable  im- 
provements (if  they  were  not  contrived)  by  the  late  Mr.  George  Graham, 
Y .  R.  S.  one  of  the  moft  eminent  artifts  in  mechanical  contrivances  that 
this,  or  any  other  nation  has  produced  :  thofe  readers  who  are  curious  to 
fee  a  minute  defcription  of  fuch,  and  other,  inftruments,  together  with 
their  ufe  fully  exemplified,  may  confult  the  fccond  volume  of  Dr.  Smith's 
complete  Treatife  of  Optics,  Stone's  Treatife  of  Mathematical  Inftru- 
ments, the  Philofophical  Tranfadtions,  and  the  works  of  many  writers 
who  hav'K  irpated  on  iiach  fubjccts, 

206.  0/ 
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206.  Of  the  Pendulum  Clock. 

A  clock  which  fhcws  time  in  hours,  minutes,  and  feconds,  fiiould  be 
11     chofen  ;  with  which  the  obferver,  by  hearing  the  beats  of  the  pendulum, 
I  ►   may  count  them  by  his  ear,  while  his  eye  is  employed  on  the  motion  of 
the  celeftial  objeit  he  is  obferving. 

Juft  before  the  obje<3:  arrives  at  the  pofition  defired,  the  Obferver  fhould 
look  on  the  clock  and  remark  the  time  ;  fuppofe  it  9*^  15""  25' ;  then  fay- 
ino-  25,  26,  27,  28,  &c.  refponfive  to  the  beats  of  the  pendulum,  till  lie 
fees  through  the  inftrument  the  object  arrived  at  the  pofition  expecfed, 
which  fuppofe  to  happen  when  he  fays  38  ;  he  then  writes  down  9^^ 
15"'  38'  for  the  time  of  obfervation,  annexing  the  year  and  day  of  the 
month. 

If  two  perfons  are  concerned  in  making  the  obfervation,  one  may  read 
the  time  audibly,  while  the  other  obferves  through  the  in{l:rumei>^,  the  Ob- 
fen'er  repeating  the  laft  fecond  read,  when  the  defircd  pofition  happens. 

207.  Of  the  'Telefcofe. 

The  Refracting  Telescope  is  an  inftrument  with  which  almoft 
every  pcrfon  is  acquainted,  efpecially  the  marine  gentlemen  ;  it  will 
therefore  be  fufficient  to  remark  here,  that  an  ajircnornical  tele/cope  has 
only  two  convex  glafles ;  viz.  the  eye-glafs,  or  that  which  is  ufed  next  to 
the  eye  ;  and  one  at  the  other  end,  ufually  called  the  objefl-glafs,  which 
has  much  the  longer  focal  diftance  :  fuch  an  inftrument,  although  it  in- 
verts all  objects,  is  yet  as  ufeful  for  viewing  thofe  in  the  heavens,  as  if  it 
fhewed  them  ere6l ;  the  Obferver  knowing  that  the  morions  are  in  an  op- 
pofite  direction  to  thofe  he  fees  through  this  telefcope  :  But  the  Achro- 
matic Refracting  Telefcope,  which  has  been  lately  invented  by  JMr. 
Holland,  has  its  object-glafs  compounded  of  three  glafles,  and  combined 
U'ith  two  eye- glafles  placed  near  each  other.  This  inftrument,  whicli  ftiews 
ohjf(5ts  in  their  true  pofition,  need  not  exceed  three  feet  and  a  half  in 
length, 

"i'he  Reflf.ctin'G  Telescope,  as  is  generally  well  known,  (hews 
objects  in  their  true  pofitions  ;  and  as  it  is  much  fliortcr  thnn  the  old  rc- 
fracfler,  it  is  therefore  in  much  greater  cftcem  by  fome. 

A  telefcope^  ufed  in  aftronomical  obfcrvations,  fhould  have  a  metal 
frame  fixed  in  the  focus  of  its  objc£t-glaf«;,  carrying  fine  filver  wires 
ftrctchcd  at  right  angles  to  one  another;  one  of  them  is  to  be  vertical, 
and  the  other  horizontal ;  the  interfeiftion  of  thofe  v/ires  ought  to  be  ex- 
actly in  the  middle  of  the  focus  of  the  objcdt-glafs  ;  a  line  paiTing  through 
this  interfcction  and  the  center  of  the  objciSt-glafs,  is  called  the  line  oi 
fight,  or  line  of  colUrration. 

208.  Of  the  Micrometer. 

A  MiCROMETE;.  is  an  inftrument  ufed  to  meafure  finail  an2;uLir  di- 
ftances  by  being  placed  in  the  focus  of  a  telefcope.  This  is  eftccted  Sy 
turning  a  fcrew,  which  moves  a  fine  wire  in  a  pofition  paralLi  to  itfcH,  ;■,:.  1 
nlfo  parallel  to  a  fixed  wire  ;  both  being  in  a  plane  at  right  aii^lc,  to  '.'jo 
line  of  collimation  :  the  diftancc  of  thcfc  parallel  wires  is  mcaruruci  hy  liij 
number  of  t'lrn^  the  fcrew  has  taken  to  caufc  their  re-.c-fs  ;  'Aliicb.  niinsber 
oi  turns  i:  ft:cwn  on  a  graduated  circular  plate  (like  that  ol"  a  ';!o';k)  by  .-':; 
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index,  or  hand,  which  revolves  by  the  turning  of  the  fcrcw  :  now  the  di- 
vifions  on  the  plate,  anfwering  to  a  known  angle  or  arc  intercepted  be-  , 
twcen  the  parallel  wires,  being  known  by  experiment,  any  other  diitance,  '^ 
to  which  the  wires  can  recede,  may  be  known  by* proportion  ;  and  fo  a 
table  of  angles  anfwering  to  every  divifion  on  |he  circular  plate  may  b« 
formed,  by  which  the  oblerved  angles  will  be  readily  known. 

Thus  in  obfcrving  the  diameter  of  a  planet}  when  the  wires  are  re- 
moved fo  far  afunder,  as  to  become  parallel  tangents  at  the  fame  time  to 
oppofite  points  of  the  planet,  the  meafurc  of  the  recefs  of  the  wires  will 
fhew  the  diameter  of  the  planet  in  minutes  and  feconds. 

There  is  another  micrometer  publifhed  by  the  late  very  ingenious  Mr. 
Dollond  *,  an  account  of  which  was  given  to  the  Royal  Society  by  Mr. 
James  Short,  F.  R.  S.  and  publilhed  in  the  Philofophical  Tranfa<Slions  fof 
tlie  year  1^53,  which  is  thus. 

Let  a  good  circular  objedl-glafs  be  neatly  CMt  into  two  femicircles  ;  and 
each  femicircle  fitted  in  a  metal  frame,  fo  that  their  diameters  Aiding  on 
one  another  (by  the  means  of  a  fcrcw)  may  have  their  centers  fo  brought 
together  as  to  appear  like  one  glafs,  and  fo  form  one  image ;  or  by  their 
centers  receding  may  form  two  images  of  the  fame  object :  it  being  a  pro- 
perty of  fuch  glafles,  for  any  fegment,  to  exhibit  a  perfect  image  of  an 
obje£l,  although  not  fo  bright  as  the  whole  glafs  would  give  it. 

Now  proper  fcales  being  fitted  to  this  inllrument,  to  fhew  how  far  the 
centers  recede,  relative  to  the  focal  length  of  the  glafs,  will  alfo  fhew 
how  far  the  two  parts  of  the  fame  object  are  afunder  relativ?  to  its  diftance 
from  the  obje6l-glafs ;  and  confequently  give  the  angle  under  which  the 
diftance  of  the  parts  of  that  objeil  are  feen. 

209.  Of  the  AJlronomical  ^drant. 

An  Astronomical  Quadrant  Is  an  inftrument  in  the  form  of  a 
quarter  of  a  circle,  contained  under  two  radii  at  right  angles  to  one  an- 
other, and  an  arch  equal  to  one  fourth  part  of  the  circumference  of  the 
circle,  and  confifts  of  the  following  parts. 

I  ft.  Its  frame.  This  is  ufually  compofed  of  Iron  or  brafs  bars,  fet  at 
right  angles  to  one  another  in  as  ftrong  and  neat  a  manner  as  a  workman 
can  contrive,  to  preferve  the  face  of  the  Inftrument  in  the  fame  plane,  and 
be  as  little  affcfted  by  heat  and  cold  as  is  poiTlble. 

2d.  Its  cejiter.  This  center,  which  Is  a  very  fine  point,  fhould  be  con- 
tained in  a  feparate  piece  of  work  fcrewed  to  the  bars;  and  fo  contrived, 
that  if  the  index,  or  telefcope,  by  frequent  motion  in  a  length  of  time, 
fhould  become  irregular  in  its  rotation,  bv  the  parts  wearing,  a  new  col- 
lar and  focket  may  be  fitted  to  the  firft  ccj)tcr,  and  the  inftrument  reftored 
to  its  original  accuracy. 

*  The  firft  notion  of  fuch  a  micrometer  was  given  by  Roemer,  a  Dane,  in 
the  year  167^  ;  Mr.  Sa-very,  an  EngliflimaD,  alfo  thought  of  fuch  a  con- 
trivance, which  he  communicated  to  the  Royal  Society  in  the  year  1743  ;  Mr, 
Boiigtier,  a  Frenchman,  alfo  propofed  it  in  the  year  1748  ;  and  Mr.  Dollond^ 
an  Englilhman,  publiflied  it  in  the  year  1753  :  but  the  public  are  obliged  to 
Mr.  iihcrt  for  putting  the  theory  into  execution,  othervvife  it  might  flili  have 
continued  only  as  an  ingenious  thought. 

3d.  Iti 
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'  3(1.  Its  limb.  This  is  a  brafs  arch  of  about  two  inches  broad,  welt 
fixed  to  the  faid  frame-work,  and  generally  continued  a  little  farther  at 
each  end  than  the  extent  of  90  degrees  ;  the  two  perpendicular  ^^dii  may 
,be  ^Ifo  covered  with  plates  of  brafs  fcrewcd  to  them  ;  and  the  whole  face 
of  the  inftrument  is  to  be  worked  fmooth,  and  brought  into  the  fame 
'plane  with  the  greateft  care. 

4th.  Its  divijions.  The  arcs  of  60,  30,  and  90  degrees,  and  alfo  the 
intermediate  degrees,  together  with  fuch  fubdivifions  as  the  fize  of  the- 
degrees  will  conveniently  contain,  are  laid  down  by  accurate  methods 
well  known  to  good  workmen. 

5th.  Its  index  or  ulefcope.  This,  which  is  ufually  a  brafs  tube  con- 
taining the  proper  glafles  and  crofs  wires,  is  fixed  near  the  obje<3:  end  to 
a  brafs  plate,  a  little  above  a  circular  hole,  or  focket,  in  tlie  plate :  this 
focket  goes  rou;id  a  collar  concentric  to  the  center,  and  fixed  to  the  cen- 
ter-piece :  fo  that,  although  the  axis  of  the  telefcope  does  not,  as  a  ra- 
dius, pafs  through  the  center,  yet  it  always  keeps  at  the  fame  diftancc 
from  it  irv  every  pofition :  to  the  eye -end  of  the  tube  is  fcrewed  a  flat 
plate,  which  Aides  along  the  limb  with  the  telefcope  \  this  plate,  called 
the  Vernier,  contains  certain  divifions,  which,  ufed  with  thofe  on  the 
limb,  give  the  angle  to  minutes  or  feconds  of  a  degree,  according  to  the 
fize  of  the  inftrument :  the  beginning  of  the  divifions  called  the  index, 
on  the  Vernier^  is  as  far  diftant  from  the  axis,  or  line  of  coUimation,  as 
the  center  is  ;  and  therefore  the  pofition  of  an  objedi  is  given  as  truly,  as 
if  the  line  of  collimation  coincided  with  a  radius. 

6th.  Its  pedejlal.  This  part,  which  fhould,  by  its  conftru6tion,  be 
very  fteady,  may  be  either  moveable  or  fixed  :  the  moveable  pedeftal  is 
commonly  a  ftrong  pillar  ftanding  on  a  tripod,  or  three-footed  ftand  ; 
with  holes  through  each  foot,  either  to  fcrew  them  to  a  floor,  or  to  pin 
them  to  the  ground  :  the  fixed  pedeftal  may  be  either  a  ftrong  timber 
frame,  or  the  wall  of  the  obfcrvatory,  or  a  ftone  fhaft  built  from  the 
ground  through  the  middle  of  the  floor  of  the  obfervatory.  On  the  top 
of  the  pillar,  of  either  fort  of  pedeftal,  may  be  fixed  a  piece  of  machinery 
called  the  arm^  which  is  attached  by  fcrews  to  the  midd/e  of  the  plane  of 
the  quadrant,  on  the  under  fide.  The  arm  is  contrived  to  give  to  the 
inftrument,  either  an  horizontal,  vertical,  or  oblique  motion  ;  which  mo- 
tions fhould  be  fteady,  and  free  from  jerks,  or  fliakcs  :  but  when  a  wall, 
or  ftone  ftiaft,  is  ufed  as  the  fupporter,  the  quadrant  is  then  fixed  to  the 
wall,  or  fhaft  (without  its  arm  attached)  and  is  called  a  Mural  Arch  ; 
its  plane  is  adjufted  to  that  of  the  meridian,  and  this  is  the  beft  method 
of  fixing  the  quadrant  for  taking  the  mcridiafi  altitude  of  tlic  ftars,  or 
planets. 

7th.  Iti  plummet.  This  is  a  fufficient  ball,  or  weight,  hanging  to  one 
end  of  a  very  fine  filver  wire,  the  upper  end  being  fixed  in  the  radius 
continued  above  the  center.  Now  when  the  face  of  the  quadrant  is  fet 
in  the  plane  of  an  azimuth  circle,  one  of  its  radii  is  brought  into  a  verti- 
cal pofition  by  the  help  of  the  plummet,  the  wire  being  made  to  bif-dt 
the  center-point  and  the  divifion  of  90°  on  the  arch  ;  and  to  diftinguifli 
tlicfc  bife(f\ions  with  accuracy,  they  arc  to  be  examined  with  a  imall 
profpoft,  or  magnifying-glafs  :  the  ball  fbould  hang  freely  in  a  veftel  of 
water  to  check  its  vibrations, 
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no.  Of  the  trarifit  Injirument. 

This  inftrumcnt  confifts  of  a  telefcope  fixed  at  right  angles  to  art  hd- 
rizontal  axis,  which  axis  muft  be  (o  fupported,  that  the  line  of  collima- 
tion  of  the  telefcope  may  move  in  the  plane  of  the  meridian.* 

The  axis,  to  the  middle  of  which  the  telefcope  is  fixed,  fliould  gra- 
dually taper  towards  its  ends,  and  terminate  in  cylinders  well  turned  and 
fmoothed  :  and  a  proper  balance  is  to  be  put  on  the  tube,  fo  that  it  may 
iland  at  any  elevation  when  its  axis  rcfts  on  the  fupporters. 

Two  upright  pofts  of  wood  or  ftone,  firmly  fixed  at  a  proper  diftance, 
are  to  fuftain  the  fupporters  of  this  inftrument :  thefe  fupporters  are  two 
thick  brafs  plates,  having  well  fmoothed  angular  notches  in  their  upper 
ends  to  receive  the  cylindrical  arms  of  the  axis  :  each  of  the  notched 
plates  are  contrived  to  be  moveable  by  a  fcrew,  which  Aides  them  upon 
the  furfaces  of  two  other  plates  immoveably  fixed  to  the  two  upright 
pofts ;  one  plate  moving  in  a  vertical,  and  the  other  in  an  horizontal,  di- 
redlion,  to  adjuft  the  telefcope  to  the  planes  of  the  horizon  and  meridian  : 
to  the  plane  of  the  horizon,  by  a  fpirit  level  hung  in  a  parallel  pofition  to 
the  axis,  and  to  the  plane  of  the  meridian  in  the  following  manner. 

Obferve  the  times  by  the  clock  when  a  circumpolar  ftar,  feen  through 
this  inftrument,  tranfits  both  above  and  below  the  pole  :  and  if  the  times 
of  defcribing  the  eaftern  and  weftern  parts  of  its  circuit  are  equal,  the  te- 
lefcope is  then  in  the  plan'e  of  the  meridian  ;  otherwife,  the  notched 
plates  muft  be  gently  moved  till  the  time  of  the  ftar's  revolution  is  bi- 
fe<Sled  by  both  the  upper  and  lower  tranfits,  taking  care  at  the  fame  time 
that  the  axis  remains  perfedlly  horizontal. 

When  the  telefcope  is  thus  adjufted,  a  mark  muft  be  fet  at  a  confi- 
derable  diftance  (the  greater  the  better)  in  the  horizontal  direction  of 
the  interfedVion  of  the  crofs-wires,  and  in  a  place  where  it  can  be  illumi- 
nated in  the  night-time  by  a  lanthorn  hanging  near  it ;  which  mark  be- 
ing on  a  fixed  obje£t,  will  ferve  at  all  times  afterwards  to  examine  the 
pofition  of  the  telefcope  by,  the  axis  of  the  inftrument  being  firft  adjufted 
by  means  of  the  level. 

211.  To  adjuft  the  Clock  by  the  Sim's  Tranfit  ever  the  Meridian, 

Note  the  times  by  the  clock,  when  the  preceding  and  following  edges 
of  the  fun's  limb  touch  the  crofs  wires  :  the  difference  between  the  mid- 
dle time  and  I2  hours,  ftievvs  how  much  the  mean,  or  time  by  the  clock, 
is  fafter  or  flower  than  the  apparent,  or  folar  time  for  that  day;  to  which 
the  equation  of  time  being  applied,  will  ftiew  the  time  of  mean  noon  for 
that  day,  by  which  the  clock  may  be  adjufted. 

212,  Of  the  Equatorial  Se^or, 

This  is  an  inftrument  contrived  for  finding  the  difference  in  right  af- 
ccnfion  and  declination  between  two  objects,  the  diftance  of  which  is  too 

great 
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great  to  be  obferved  by  means  of  a  micrometer.  It  confifts  of  the  fol- 
lowing particulars. 

ift.  A  brafs  plate  called  a  feiflor,  formed  like  a  T,  having  the  fliank 
(as  a  radius)  of  Jlbout  2f  feet  long,  and  2  inches  broad,  and  the  crofs 
piece  (as  an  arch)  of  about  6  inches  long,  and  i|  inch  broad;  upon 
which,  with  a  radius  of  30  irtchcs,  is  deicribed  an  arch  of  10  degrees, 
each  being  fubdivided  into  as  fmall  parts  as  are  convenient. 

2d.  Round  a  fmall  cylinder^  containing  the  center  of  this  arch,  and 
fixed  in  the  fhanic,  moves  a  plate  of  brafs,  to  which  is  fixed  a  telefcope, 
having  its  linfe  of  collimation  parallel  to  the  plane  of  the  feclor,  and 
paiHng  through  the  center  of  the  arch  and  the  index  of  a  Vernier's  divid- 
ing plate,  v.»hich  Aides  on  the  arch,  and  is  fixed  to  the  eye  end  of  the  te-* 
Icfcope.  This  plate,  with  the  telefcope  and  Vernier,  are  moved  on  the 
cylinder,  by  means  of  a  long  fcrew  which  is  at  the  back  of  the  arch,  and 
communicates  with  the  Vernier  through  a  flit  cut  in  the  brafs  work,  pa- 
rallel to  the  divided  arch. 

3d.  A  circular  brafs  plate,  of  5  Inches  diameter,  round  the  center  of 
which  there  moves  a  brafs  crofs,  which  has  the  oppofite  ends  of  one  bar 
turned  up  perpendicularly  about  3  inches,  'l^hefe  ferve  as  fupporters  to 
the  feftor,  and  are  fcrewed  to  the  back  of  its  radius,  fo  that  the  plane  of 
the  feclor  is  parallel  to  the  plane  of  the  circular  plate,  and  revolves  round 
the  center  of  that  plate  in  this  parallel  pofition. 

4th.  A  flat  axis  of  18  inches  long  is  fcrewed  to  the  back  of  the  circu- 
lar plate,  along  one  of  its  diameters  ;  (o  that  the  axis  is  parallel  to  the 
plane  of  the  feitor  :  the  whole  inftrument  is  fupported  on  a  proper  pc- 
deftal,  in  fuch  a  manner  tliut  the  faid  axis  is  parallel  to  the  axis  of  the 
earth;  and  proper  contrivances  are  annexed  for  fixing  it  in  that  pofition. 

Now  the  inftrument,  thus  fupported,  can  revolve  round  its  axis,  pa- 
rallel to  the  earth's  axis,  with  a  motion  like  that  of  the  ftars;  the  plane 
of  the  factor  being  always  parallel  to  the  plane  of  fome  hour  circle,  and 
coofcqucntly  every  point  of  the  telefcope  defcribes  a  parallel  of  declina- 
tion :  and  if  the  fector  be  turned  round  the  joint  of  the  circular  plate,  its 
graduated  arch  maybe  brought  parallel  to  an  hour_ circle;  and  confe- 
cjuently  any  two  liars,  between  Vv-liich  the  difference  of  declination  is  not 
greater  than  the  number  of  degrees  in  that  arch,  may  be  cbferved  by  the 
inftrument. 

213.  To  ob ferve  their  fajfage.  Direct  the  telefcope  to  the  preceding 
ftar,  and  fix  the  plane  of  the  fe<5^or  a  little  to  the  v/cftv/ard  of  it ;  move 
tiie  telefcope  by  the  fcrew,  and  obferve  the  ti:ne  fliewn  by  the  clock  at 
the  tranfit  of  each  ftar  over  the  crofs  wires,  and  alfo  the  divinon  Ihewn 
by  the  index  ;  then  is  the  difierencc  of  the  arches  the  difference  of  decli- 
nation ;  and  that  of  the  times  (hews  the  difference  of  right  afcenfion  of 
thofc  ftars. 

214.  Of  the  Equal- Altitude  Injirmnent. 

An  Equal-Altitude  Instrument  is  that  ufed  to  obferve  a  cd' 
Jeftial  objed,  when  it  has  the  fame  altitude  on  berth  the  eaft  and  weft  'i\<}i^% 
of  the  meridian,  or  in  the  morning  and  afternoon  ;  and  confifts  of  a  tele- 
fcope of  about  30  inches  long  (v/ith  2  vertical,  and  3  or  5  horizontal, 
wires  in  its  focus)  fupported  on  the  end  of  an  iron  bar,  or  axis  of  30 
inches   lo)ig,   a;id  abju;  an   incli   in  diameter.     The  axis  is  fuiUined 
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in  a  vertical  pofition  by  pafllng  through  a  hole  in  the  upper  end  of  abrafs 
box,  whilft  its  lower  end  fupports  the  lower  point  of  the  axis.  The  box, 
which  is  about" 2 1  inches  long,  with  ends  about  4  inches  fquare,  has  only 
two  fides,  which  are  fixed  at  right  angles  to  each  other.  To  one  of 
thcfe  fides  are  fixed  four  flat  arms,  with  a  hole  in  each,  by  which  the  box 
IS  fixed  in  a  vertical  pofition  to  an  upright  port  with  fcrews.  On  the 
lower  end  of  the  box  lies  a  brafs  plate,  which  Aides  in  grooves,  and  can 
be  moved  gently  backwards  or  forwards  by  means  of  a  fcrew.  In  this 
plate  a  fine  hole  is  punched  to  receive  the  fmooth  conical  point,  which 
the  lower  end  of  the  axis  is  formed  into.  On  the  upper  end  of  the  box 
are  two  plates,  which  Aide  alfo  in  grooves  j  and,  by  the  means  of 
fcrews,  can  be  moved  gently  fideways,  till  their  angular  notches  embrace 
the  axis  j  which,  in  this  part,  is  made  perfedly  cylindrical,  and  very 
Smooth. 

To  the  upper  part  of  the  axis  is  fixed,  by  its  radius,  a  brafs  fextant 

(or  arch  of  6g°,  to  a  radius  of  feven  or  eight  inches)  with  the  arch 

tiownwards,  fo  that  the  center  is  juft  above  the  top  of  the  axis  :  alfo  a 

fpirit  level  is  fixed  at  right  angles  acrofs  the  axis,  juft  under  the  arch,  fo 

•  as  to  be  clear  of  the  upper  end  of  the  box. 

To  the  under  part  of  the  tclefcope  is  fixed  a  brafs  femicircle,  of  the 
fame  radius  with  the  fextant,  both  arches  having  a  common  center-pin. 
In  the  femicircle  is  a  groove  cut  through  the  plate  parallel  to  its  limb,  to 
receive  two  fcrew-pins,  which  go  \i\lo  the  fextantal  arch  near  its  ends  ; 
by  thcfe  fcrew-pins  the  two  arches  may  be  prcficd  clofe,  and  the  tele- 
fcope  fixed  in  any  defired  elevation  \  which  might  be  nearly  afcertained, 
by  graduating  the  femicircle,  and  putting  a  Vernier's  fcale  on  the 
fextant. 

7o  life  the  Jnjlrumcnt.  Fix  the  box  to  thr  poft,  put  the  axis  into  the 
box,  letting  the  conical  point  drop  into  tiie  punched  hole,  fcrew  on  the 
!cvcl,  and  anjiex  the  telefcope,  ohferving  to  infert  the  center  and  arch 
pins  J  then,  by  the  help  of  the  fcrevz-plates  at  the  bottom  and  top  ends 
of  the  box,  corre<5t  the  vertical  pofition  of  the  axis,  fo  that  the  fame  end 
of  the  air-bubble  in  the  level  may  ftand  at  the  fame  point  throughout  the 
whole  revolution  of  the  axis,  which  will  thereby  be  known  to  be  then 
truely  vertical,  fo  that  the  tckTcope  will  defcribe  a  parallel  of  altitude:  di- 
rect the  tube  to  the  fun,  or  ftar,  and  fix  it  at  the  defired  elevation  by 
prcirmg  the  two  arches  together  with  the  tv/o  fcrew  pins. 

Some  inftruments  have  been  contrived  to  anfwer  both  kinds  of  obfer- 
vation  ;  viz.  cither  a  tranfit,  or  equal  altitudes. 


1\U         'To  cidji'Ji  the  Clock  'by  equiil  altitudes  of  the  Sun. 

Having  rrclihed  the  inrirunient  by  the  level,  and  being  provided  with 
a  piece  ot  tranlparcjitly  c<jIourcd  or  fmoked  glafs  to  prcferve  the  eye;  then 
at  any  convenient  time  from  about  6  to  3  hours  before  noon,  dired:  the 
l^'lelcope  to  the  fun,  and  fix  it  hy  the  arch,  fo  that  ihe  whole  body  of  the 
fun  fhall  be  above  the  upper  v.ire  (the  afcent  of  the  fun  appearing  through 
rlie  tclefcope'  as  a  defcent)  :  mark  the  limes  fliewn  by  the  clock,  when 
rl^cnreceding  edge  of  the  fun  loueliei  each  gi  ike  v,irvs  j  and  alio  when 
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the  following  edge  touches  thofe  wires,  writing  down  thofe  tirries ;  the 
inftrument  being  turned  horizontally  on  its  axis  to  follow  the  Sun,  and 
keep  his  center  in  the  middle  of  the  telefcope  between  the  vertical  wires* 
About  rile  fame  time  after  noon  (taking  care  to  be  early  enough)  turn 
the  inftrument  on  its  vertical  axis,  the  telefcope  remaining  fixed  at  the 
fame  elevation  as  in  the  morning,  and  redifying  its  horizontal  fituation 
by  the  level,  obferve  the  Sun  in  its  defcent,  which  through  the  telefcope 
apparently  afcends,  and  write  down  the  times,  when  the  preceding  edge 
touches  each  wire,  and  alfo  when  they  are  touched  by  the  following  edge, 
keeping  the  Sun  in  the  middle  of  the  telefcope  j  and  the  fcts  of  obferva- 
tions  are  made. 

•  There  are  as  many  fets  of  obfervations,  as  there  are  horizontal  wires  : 
for  the  fore  and  afternoon  contacts  of  the  fame  edge  of  the  Sun  with  the 
fame  wire,  make  one  fet ;  and  the  fame  edge  which  precedes  in  the  fore- 
noon, follows  in  the  afternoon  ;  and  that  which  follows  in  the  forenoon, 
precedes  in  the  afternoon  j  therefore  the 


Ift,  1  flaft,  T 

ad,  ^A.  M.  preceding,   and  thes  laft  but  one,     i.  p.  m.  following, 

3d,  &c.  3  '  Claft  but2,&c.  i 

et. 

7  V^^'  1 

S.A.  M.    following,  and  the<|  laft  but  one,    v  P.  M.  preceding, 
i  i  laft  but  2,  &c.  i 


Then  to  each  fet,  or  pair  of  obfervntions,  Ifind  the  middle 'time,  which 
added  to  the  time  of  the  morning  obfervation,  gives  the  time  fhewn  by 
the  clock  when  the  Sun  was  on  the  meridian,  if  the  obfervations  were 
tiiade  within  two  or  three  days  of  the  fclftice,  when  the  Sun's  declination 
would  not  fenfibly  alter  betv/ecn  the  fore  and  afternoon  obfervations  ; 
but  on  other  days,  tl;is  time  muft  be  correcSted,  by  applying  an  equation 
to  it,  fhewing  the  alteration  in  time,  ariiing  Ircm  the  alteration  in  decli- 
nation between  the  fore  and  afternoon  obfervations. 

The  time,  by  the  clock,  of  tiic  foiar  or  apparent  noon  being  thus  ob- 
tained, the  time  of  the  mean  noon  may  be  had  by  applying  the  proper 
equation  of  time. 

When  the  time  of  noon  is  fought  from  two  or  more  pairs  of  obfer- 
vations, if  they  give  different  times,  it  is  bcft  to  take  the  medium  be- 
tween them,  which  is  found  by  dividing  the  fum  of  all  the  times  by  their 
number. 

216.  PROBLEM     LV. 

Given  the  lat',tu/it\  the  declination  of  the  Sun^  and  interval  of  time  between 
the  Sun's  having  equal  altitudes  before  and  after  noon,  to  find  the  dijiance 
fr-jni  noon  cf  the  ?niddle  point  of  time  between  the  obfervations, 

ift.  Find  the  change  made  in  the  Sun's  declination  during  the  in- 
tervul  between  the  obfervations  j  which  will  nearly  bear  the  fame  pro- 
portion to  the  change  nvide  between  the  noon  of  the  day,  oa  which 
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the  ohfervatioiis  are  made,  and  the  noon  of  the  duy  immediately  prc- 
«<iding  or  loUowing,  as  the  interval  of  time  between  the  obfcrvations  to 
2\  hours. 

2d]y.  Add  the  co-tangcnt  of  the  latitude  to  the  co-fine  of  half  the  in- 
terval of  time  reduced  to  degrees  and  minutes -of  the  equator;  the  fum, 
reje«51ing  the  radius,  is  the  tangent  of  an  arc  to  be  taken  lefs  than  a  quad- 
rant, when  the  hiterval  of  time  is  lefs  than  twelve  hours,  and  greater 
than  a  quadrant,  ftiould  the  interval  of  time  exceed  twelve  hours. 

3dly.  Add  together  the  arithmetical  complements  of  the  fine  of  this 
arc,  and  of  the  fine  of  the  Sun's  diftance  from  the  pole  at  noon,  the  lo- 
garithmic fine  of  the  difFerencc  of  thcfe  arcs,  the  logarithmic  co-tangcnt 
of  half  the  interval  of  time  in  degrees,  and  the  logarithm  of  half  the 
change  in  the  Sun*3  declination  during  the  interval  between  the  obferva-i 
tions  ;  the  fum,  reje<5ting  twiee  the  radius,  is  the  logarithm  of  an  arc, 
which,  divided  by  15,  gives  the  diltance  of  the  middle  point  between  the 
obfervations  from  noon,  in  feconds  of  time. 

4thly.  When  the  Sun's  diftance  from  the  elevated  pole  increafes,  this 
middle  point  of  time  precedes  noon,  otherwife  it  falls  beyond. 

Demonstration. 

Let  p  be  the  p-ole  of  the  equator  Id,  z  the 
renith,  a  the  morning  place,  c  the  after- 
noon place,  ABD  a  parallel  of  declination, 
ABC  a  parallel  of  altitude. 

Then  the  afternoon  hour  angle,  zpc, 
differs  from  the  morning  hour  angle,  zpa, 
by  the  hour  angle  bpc,  the  points  a  and 
B  having  the  fame  declination  and  diftance  from  the  zenith  ;  and  the  arc 
p<?  bifeclingthe  Z.Bpc,  the  ^xPo  will  be  half  the  interval  of  time, 
which  being  increafed  or  diminifhed  by  half  the  /.bpc,  will  give  the  po- 
rtion of  the  meridian  to  a  or  c  j  alfo  pa  will  be  the  Sun's  diftance  from 
the  pole  at  noon. 

Now  here  tne  difference  between  pe,  vo,  pc  being  but  fmall,  the 
^nr-o  will  be  to  the  difference  between  fo  and  pb,  or  pc,  that  is,  half 
PB  c/>  FC,  nearly  as  f\  pjz  to  s^po  *. 

A2'^""^  •"  t-he  triangle  opz^  an  arc  M  being  taken,  that  as  rad.  :  s\7Vo 
:  r,r/.  :  f,M  the  arc  M  to  be  lefs   than  a   quadrant,   when   the    ^zp« 


r.cutr   but  greater,  Ihould  the  Z.zpo  be  obtufe  ;  then 
M  :  5,.v!  :  :  f\voz  :  /^zPit,  and  confc^uently 


(IV.  123) 


PB  CO  PC 

Lut  Li^po: : : :  / ,  poz  :  s,  Po:'.  i,  m  x  / ,  poz  :  ;,  m  x  j,  ?<? ; 


therefore  Lpps 


2 
PB  tn  PC 


:  :  ;,p  0  zr.  m  X t\z?o  :  x,m  x 5,P(?,   conformably 


to  ti.c  rule  above  laid  down. 


See  Cof{f.  JEjlimat^  £rrsr,  in  Mixt,  Math.  Thtorm  23. 
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I217.  JL  X  A  M  P  L  E, 

J""  i      In  the  latitude  50°  N.  on  the  27th  of  Oi5lober,.i78p,  the  Sun  was  ob- 

,' iferved  to  have  equal  altitudes  at  9  h.  iim.  50  s.  A.  M.  and  at  2  h.  22  tn. 

i  22  s,  P.  M.  by  a  clock  adjufled  nearly  to  the  true  meafure  of  time,  to  find 

^  j  what  corre£iion  may  be  wanted  to  fet  this  clock  to  the  true  hour  of  the 

,..  t  day,  the  Sun's  diftance  from  the  pole  on  the  27th  day  at  noon  being  lej*" 

p  i  b'  34-'^  and  on  the  28th  103°  ^b'  38  \ 

(       Here  the  interval  of  time  is  5  h.  10  m.  32  s.  its  half  is  2h.  35  m.  16  s* 
(in  degrees  and  minutes  of  the  equator  38°  49'',  and  the  difference  in  de- 
'     clination  in  one  day  is  2C/  &/\ 

I'  I       Then  24h.  :  5  h.  10  m.  32  s.  :  :  20^  4'''' :  4^  20''=:  260''^,  the  akeration 
'  !  in  declination,  the  half  of  which  is  1'  ld'^=.ly:l' . 
'  \        Then 

Latitude     50®  ,    log.  /^,  9,9238 1 


I  timez:    36"^  49'       log.  A  9,89162 


ly"  io'32"log.  /,  9,81543 


33    ^ 

103   06 

69    56  02 

38    49 

130 


3^" 

L,/, 

0,26185 

34 

L    /, 

0,01 147 

02 

jog.  s. 

9,97280 

0 

log.  /  , 

10,09447 

log. 

?,U394 

corr.  =  285"  _  log.  2.45453 

or  19  itc.  of  time.  ■ 

Hence,  for  fetting  the  clock  to  the  true  hour  of  the  day,  add  the  half 
interval  of  time  2  h.  35  m.  16  s.  to  9  h.  11  m.  50  s.  ;  the  fum  11  h.  47  m, 
6  s.  is  the  middle  time  between  the  obfcrvations,  as  noted  by  the  clock. 

And  iih.  47  m.  6  s,  4- 19  s.  =  II  h.  47  m.  25  s.  will  be  the  time 
pointed  out  by  the  clock,  when  the  Surv  pailbs  the  meridian,  and  fhevvs 
the  clock  to  be  12  m.  35  s.  behind  the  Sun. 

Though  the  clock  ihould  not  keep  time  with  pgfre(fl:  exaffnef^,  yet  if^ 
the  de(Mation  is  but  fmall,  the  correction  computed  will  not  differ  much 
from  the  truth  ;   and  the  clock  being  examined- again  within  a  few  days, 
v/ill  (licw  whctiie;"  it  keeps  time  truly,  or  moves  too  fait  or  too  flow,  and 
Its  rate  of  going  may  be  ccneiited  accordingly. 

218.  The  method  here  dire£led  fuppofes  the  fiiip  to  be  flntionary  :  But 
the  Abbe  dc  la  CulJe  propofes  a  method  of  correiSting  a  watch  at  Tea,  even 
while  the  {hip  is  in  motion,  by  taking  two  equal  altitudes  of  the  Sun  with 
a  quadrant,  one  before  and  tlic  other  after  nooi:. 

His  method  is  this.  With  the  common  altitude  ohferved,  together 
with  the  latitudes  at  the  time  of  each  obforvation,  and  the  Sun's  correift 
declination  to  thofe  ti:r.es,  the  times  from  noon  are  to  be  computed  at  both 
olifcrvations,  which  times  being  applied  to  the  two  times  of  obf::rvation, 
give  the  refpcctive  times  of  noon  :  then  the  mean  of  the  two  noons  being 
taken,  will  give  the  time  flicwn  by  the  watch  \\\\z\\  it  v/as  the  true  m.id- 
dav. 

Or,  Half  the  difference  of  the  computed  noons  bciiig  ap-licd  to  cither 
of  tlicm,  will  alfo  give  the  true  time  of  noon. 

And  ahhout^h  the  latitudes  ufed  in  the  computations  be  fomcth-ng  er- 
roneous, yet  the  altitudes  being  equal,  the  error  in  cacli  of  tl:c  com-puted 
diftanccs  from  noon  will  be  nearly  the  fame,  if  tiK'  change  in  l.uiiudc  and 
longitude  between  the  obfervations  be  duly  attended  to. 
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«2 1 9.  Of  the  Vernier's  dividing  plats. 

When  the  relative  unit  of  any  line  is  to  be  divided  into  many  fmall 
equal  parts,  there  parts  may  be  too  many  to  be  conveniently  introduced, 
or  if  introduced,  they  may  be  too  clofc  to  one  another  to  be  readily  efti- 
mated  j  and  on  thcfe  accounts  there  has  been  a  variety  of  methods  con- 
trived for  eftimating  the  aliquot  parts  of  the  fmall  divifions,  into  which 
the  relative  unit  of  a  line  may  be  commodioufly  divided  ;  among  thofe 
jnethods  that  is  moft  juftly  preferred  which  was  publiflied  by  Petei^ 
Vernier  (a  gentleman  of  Tranche  Comte)  at  Brufl'els,  in  the  year 
1631  ;  and  which,  by  fome  ftrange  fatality,  is  moft  unjuftly,  although 
commonly,  called  by  the  name  of  Nonius  :  for  Nonius's  method  is  not 
pnly  very  diifcrent  from  that  of  Fernier's,  but  much  lefs  convenient. 

Fernier's  method  is  derived  from  the  fallowing  principle. 

If  two  equal  right  lines,  or  circular  arcs  a,  b,  are  fo  divided,  that  the 
number  of  equaldivifions  rn  b  is  one  lefs  than  the  number  of  equal  divi- 
sions of  A  ;  then  will  the  excefs  of  one  divifion  of  b  above  one  divifion  of 
A  be  compounded  of  the  ratios  of  one  of  a  to  a,  and  one  of  b  to  b. 

For  let  A  contain  1 1  parts  j  then  one  of  a  to  a,  is  as  i  to  1 1  ;  or  — 

Let  B  contain  10  parts;  then  one  of  b  to  b,  is  as  i  to  lO:  or— » 
*^  10, 

I        I         /I    XII     I    XII  II  — 10  I  \ 

^ovv—  -  ( _ (II.  148)  = — - — =  j 

10       II  \IOJ<I|       II?<10^  ^    ''  10X11         lOXII       J 


I       I 


Gr.     If  B  contains  n  parts,  and  a  is  of  w-f  i  parts  5 

,  and is  one  part  of 

*  M+I  ^ 

I  X^fi  I^«       ,r^  o\  «-fl" 


Then  —  is  one  part  of  b,  and is  one  part  of  A, 

.     n  *  ■        M+i  ^ 


And   —  — —  {  =  —  ■=^^ (11.  148)  — _ 

p  X  ;7+T       )  n  n-\-i 

Or  thus.  Let  a  and  b  be  unequal  right  lines,  or  circular  arcs;  and 
let  any  part  of  A,  confidcrtd  as  the  relative  unit,  be  divided  into  n 
parts  J  and  a  part  of  b,  equal  to  ;«  +  i  parts  of  a,  be  divided  into  m 

parts  ;  then  will  — th  of  b  =  — th  of  a   =  — th  of  bx — th  of  a. 
♦  m  n  m  n 

p\xt  n  parts  of  a  :  i  unit  o\  a  :  :  m  -{■  i  parts  of  a  : units  of  a» 

m+i 

But  TT.  parts  of  B  ~  [m-ir  I  parts  of  a  —  )  units  of  a. 

rt-\-  i       .        .                         ^       m-\-\ 
i  hen  m  parts  of  3  : units  pf  a  :  :  1  part  cf  B  :  units  of  a*  • 

1 2.  Therefore 
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m  f  I         1  /?«  +  I       w  X  I         /« +  I  —  tn  __       I         \ 

Therefore  —" —  —   I =  ;; —  — ;; — —  1 

II 
—  X  —  • 

m       n 

The  moft  commodious  divifions,  and  their  aliquot  parts,  into  which 
the  degrees  on  the  circular  limb  of  an  inftrument  may-be  fuppofed  to  be 
^divided,  depend  on  the  radius  of  that  inftrument. 

Let  R  be  the  radius  of  a  circle  in  inches ;  and  a  degree  to  be  divided 

in  n  parts,  each  degree  being  — th  of  an  inch. 

Now  the  circumference  of  a  circle  in  parts  of  its  diameter,  2R  inches, 
is  3,1415926  X2R  inches.  (il.  197) 

Then  360°  :  3,1415926  X2R  : :  1°  :  ^-^ — -X2R  inches. 

Or,  0,01 745379  XR  is  the  length  of  one  degree,  in  inches. 

Or,  0,01745379  XRXp  is  the  length  of  1°,  in  ^th  parts  of  an  inch. 

But  as  every  degree  contains  n  times  fuch  parts, 

Therefore  «=o,oi  745379  x  r  xp. 

The  moft  commoJious  perceptible  divifion  is  -rr  or  —  of  an  inch. 
'         ^  b         10 

ExAi.l.  Suppofe  an  inftrument  of  30  inches  radius :  into  how  many  con' 
venient  parts  rnay  each  degree  be  divided  f  how  many  of  thofe  parts  are  to  go 
to  the  breadth  of  the  Vernier,  and  to  what  parts  of  a  degree  may  an  obferva  . 
tion  be  made  by  that  injlrurnent  f 

Now  0,01745  XR=:o,5236  inches,  the  length  of  each  degree. 
And  if  ^  be  fuppofed  about  -rr  of  an  inch  for  one  divifion. 

Then  0,5236  x/)rr4,i 88,  fhews  the  number  of  fuch  parts  in  a  degree. 
But  as  this  number  muft  be  an  integer,  let  it  be  4,  each  being  15''. 
And  let  the  breadth  of  the  Vernier  contain  31  of  thofe  parts,  or  7!^,  and 
be  divided  into  30  parts. 

Here  nz=.  —  :  //zrz —  1  then  —  X  —  =: of  a   degree,    or    30''', 

4  30 '  4      30      1 20  '^      '  "^     * 

Which  is  the  Icaft  part  of  a  degree  that  inftrument  can  fliew. 

It  nzz — ,  and  mzz—r-  -.  then —  x  -— .-  = t  Of  a  nunutc,  or  20  \ 

5  36  5       36       5  X  3^ 

220.  The  following  table,  taken  as  examples  in  the  inflruments 
commonly  made  from  3  inches  to  8  feet  radius,  (hews  the  d'v'ifions  of 
the  limb  to  neareft  tenths  of  inches,  fo  as  to  be  an  aliuuot  of  6c's,  and 
what  parts  of  a  degree  may  be  eftimati-d  by  tliC  Vernier,  it  being  divided 
into  fucii  equal  parts,  and  containing  fuch  degrees,  as  tlicir  columns 
iht'W. 
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Rad. 

Parts  ir. 

Parts  in 
Veroitr. 

Breidth 

Parts 

Rad, 

Parts  in 

Part;-,  in 

Bicadtli 

Parts 

caches 

2  dcg. 

ofVer. 

obfcrved. 

1 

inches 

a  dtg. 

Vernier. 

>.fVcr. 

obfcrved. 

3 

I 

«s 

i^r 

4'    0" 

30 

5 

30 

"7r 

0'  20" 

6 

1 

20 

lOi 

3     0 

36 

6 

30 

si 

0    20 

9 

2 

20 

toi 

1  30 

4» 

8 

30 

3^ 

9  '5 

IZ 

2 

2  + 

I2i 

I   15 

48 

9 

40 

4^ 

0  10 

'5 

3 

20 

6i 

I     0 

60 

10 

36 

■3t^^ 

0  10 

i8 

3 

30 

ici 

0  40 

72 

12 

30 

^h 

0    JO 

21 

4 

30 

7t 

0  30 

84 

'5 

40 

^^ 

0    6 

24 

4 

36 

9i 

0  25 

96 

15 

60 

4 

0     4 

By  altering  the  number  of  divifions,  cither  in  the  degrees  or  in  the 
Vernier,  or  in  both,  an  angle  can  be  obferved  to  a  difi'erent  degree  ^f 
accuracy.  Thus  to  a  radjus  of  30  inches,  if  a  degree  be  divided  into 
12  parts,  each  being  five  minutes,  and  the  breadth  of  the  Vernier  be 

II  X* 

21  fuch  parts,  or  i|:°,  and  divided  into  jo  parts,  then  —  X  — •■  =  

1 2  20  24-Q 

=  15' 


12     20 

or  taking  the  breadth  of  the  Vernier  of  2j\°,  and  divided  intq 

11' 


30  parts ;  then  — -  X  ■ 


1 


360 


or  10 


//, 


vvhere  the  breadth  0/  the  Vernier  is  4-^°. 


Or X  — 

12       50 


600 


=  6 


// 
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The   ELEMENTS    of  the    Earth's    Motion. 

%%i.  By  the  theory  of  the  Sun,  or  Earth,  is  meant  the  knovifledge  of 
all  the  requilites,  or  elements,  necelfary  for  determining  its  place  in  the 
ecliptic  at  any  prcpofed  time, 

222.  Mean  Motion,  or  Mean  Angular  Velocity,  is  a  motion 
made  uniformly  in  the  circumference  of  a  circle,  the  center  of  motion 
being  the  center  of  that  circle. 

l"i)e  ir.eaii  motion  of  a  planet  is  the  degree  and  parts  fhewing  its 
diftance  from  the  firil  point  of  Aries,  reckoned  in  the  order  of  the 
Tigns. 

■223.  Anomaly,  or  True  Anomaly,  is  an  an^lc  made  by  two  lines 
drawn  from  the  center  of  motion,  one  to  the  Aphelion,  or  Apogee,  and 
the  other  to  the  place  of  the  revolving  body,  or  planet :  Or,  Anomaly 
is  the  angular  diitance  of  a  planet  from  its  Apheiionj  the  angular  point 
being  the  center  of  motion. 

224.  Mean  Anomaly  is  that  made  by  an  uniform  circular  motion 
about  the  center,  and  is  th^c  fame  as  mean  mption,  beginning  at  the 
Aphelion. 
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225.  Eccentric  Anomaly  Is  an  angular  diftance  from  the  aphelion, 
determined  in  a  circle  gn  the  tranfverfe  axis  by  a  normal  to  that  axis^ 
pafling  through  the  planet's  place  in  its  elliptical  orbit. 

226.  The  Equation  of  the  Center,  fometimes  called  the pro/ibo" 
fh^re/Ify  is  the  diftance  between  the  mean  and  true  anomalies, 

227.  The  motion  of  the  equinoxes  is  the  fame  as  x!Cie  trecejfton  of  the  equii* 
noxes^  which  is  backwards,  or  contrary  to  the  order  of  the  ligns  j  by  which 
the  ftars  appear  to  have  advanced  forwards  from  the  equinodtial  point 
Aries  :   this  motion  is  about  50  feconds  of  a  degree  in  a  year. 

228.  The  motion  of  the  apfides  is  a  flow  motion  of  the  Earth's  orbit 
around  the  Sun  in  the  order  of  the  figns  ;  difcovered  by  the  apogeon  chang-. 
ing  its  place  among  the  fixed  ftars  :  this  motion  is  found,  by  comparing 
diftant  obfervations  together^  to  be  about  16  feconds  of  a  degree  in  % 
year,  in  refpecl  to  the  fixed  ftars  3  and  about  66  feconds  (=:50'''-|-l6'''} 
with  refpect  to  the  equinoxes. 

229.  A  Tropical  or  Solar  Year  is  the  time  elapfed  between  two 
fucceflive  pafiages  of  the  Sun  through  the  fame  Equinoctial  or  Solftitial 
points  of  the  ecliptic. 

230.  A  SjDERiAL  Year  is  the  time  the  Sun  takes  between  his  depar«« 
ture  from  any  fixed  ftar  to  his  next  return  to  that  ftar. 

231.  An  Anomalastic  Yea.r  is  the  intervale^  time  between  two. 
fucceeding  pafl^ges  of  the  Sun  through  the  fame  apfis, 

232.  By  the  annexed  figure  the  foregoing  ar-. 
tides  may  be  eafily  comprehended. 
On  the  line  of  the  apfides  ap  defcribe  a  circle 
A  DP,  called  the  excer.tric ;  and  an  ellipfis  aep 
for  the  Earth's  orbit,  having  the  exceutricity  cs. 
Let  s  be  the  place  of  the  Sijn,  c  the  center  of 
the  orbit,  a  the  aphelion,  p  the  perihelion  ; 
SA  the  aphelion,  or  apogeon  diftance;  sp  the 
perigeon  diftance. 

Let  e  be  a  true  place  of  the  earth  in  its  orbit ; 
D  a  correfponding  place  in  the  excentric,  in  FE 
continued,  normal  to  ap. 
Let  the  z,  acb  reprcfent  the  mean  anomaly  j 
the  l_  ACD  is  the  eccentric  anomaly ;  and  the 
/.ASS  is  the  true  anomaly;  the  diftereuce  be- 
tween z.  ACB  andz.  AS£  is  the  equation  of  the 
center. 

When  the  Earth  is  in  the  apfides,  then  B  and 
^  fall  together  in  a  rmd  p,  and  here  is  no  equation  of  the  center,  the  mean 
and  true  anomalies  being  equal ;  but  the  greateft  equation  of  the  center 
muft  be,  when  the  Earth  is  at  its  mean  dif^nce  from  the  Sun. 

233"  Obfervations  fhew,  that  in  this  age  the  Earth  pafles  the  apogee 
on  the  30th  of  June,  when  its  daily  motion  is  57^  12^'';  and  pafles  the 
perigee  on  the  30th  of  December,  when  the  daily  motion  is  61^12''':  anJ 
IS  at  the  mean  diftance  about  the  28th  of  March  and  30th  of  September, 
V^hcn  Its  daily  motion  is  59''  ^'\ 

234.  PRO^ 


l82 


ASTRONOMY. 


Book  r. 


^34* 


PROBLEM    LVI. 

To  find  the  Latitude  of  a  Place. 


Solution.  Seleft  a  ftar,  the  diftance  of  which  from  the  pole  ftar  does 
not  exceed  8  or  lo  degrees  ;  and  obferv6  with  a  quadrant  the  greatcft  and 
leaft  meridional  altitudes  j  then 

If  both  obfervations  are  on  the  fame  fide  of  the 'zenith  ; 
Half  the  fum  of  the  alts,  is  the  latitude,  on  the  fame  fide  of  the  zenith. 

If  the  obfervations  are  on  different  iidcs  of  the  zenith  ; 
Half  the  difference  of  the  altitudes  is  the  co-latitude,  on  the  fame  fide  of 
the  zenith,  with  the  lefi!er  altitude. 
For  let  HZR  be  the  meridian,  HR  the  horizon, 
z  the  zenith,  rb,  ra,  two  altitudes  on  the  fame 
fide  of  the  zenith  ;  h^,  r<7,  two  altitudes  on  con- 
trary fides  of  the  zenith. 
Then,   the  arc  ab,  or  aby  being  bife^led,  will 

five  p  the  pofition  of  the  elevated  pole, 
'or  a  flar  is  equally  diflant  from  p  in  its  revo- 
lution. 

Therefore  pa=pB}  or   p<?:=p^j  and  RP  equal 
to  the  latitude. 


_,  /  2RA       2PA       RA  +   RA 

JHence  rp  -r  (  ra  +  pa  =: V — -^= 

\  2  2  2 


+  AB  __\   RA  + 


RB 


.      ,  /  1-Ra       Zvb  R/7  +  RO  +  fl^  RP^  +   Rrt 

And     RP  =   ^Ra  +  p^=-^+-^  =  -^ = 

235.  Remarks,  i.  There  will  be  about  12  hours  between  the  two 
obfervations. 

2.  This  method  is  fubje(?l  to  a  fmall  error,  on  account  of  the  lefler  al- 
titude being  more  affedled  by  refra6tion,  than  the  greater. 

?36.  PROBLEM     LVII. 

To  find  the  Obliquity  of  the  Ecliptic. 

Solution.  Let  the  meridian  altitude  of  the  Sun's  center  be  obferved 
on  the  days  of  the  fummer  and  winter  folftice  ;  the  difference  of  thofe 
altitudes  will  be  the  diftance  of  the  tropics  3  and  half  that  diftance  will 
fhew  the  obliquity  of  the  ecliptic. 

Or.  The  meridian  altitude  at  the  fummer  folftice,  leflened  by  the  co- 
latitude  of  the  place,  will  give  the  obliquity  of  the  ecliptic. 

From  good  obfervations  the  obliquity  of  the  ecliptic,  about  the  time  of 
the  vernal  equinox  1772,  was  found  to  be  23°  28^. 

Diftant  obfervations  compared  together,  fhew  that  the  obliquity  is  de- 
crcuiliig  at  the  rate  of  about  one  minute  in  120  years, 

237.  Remark, 
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237.  Remark.  By  the  fecond  method  the  declinations  oFthe  fixed 
ftars,  or  of  any  other  celeftial  phenomenon,  may  be  found  j  obferving  that 
their  declination  is  of  the  fame  name,  viz.  north  or  fouth,  with  the  lati- 
tude of  the  place,  when  its  complement  is  lefs  than  the  altitude  j  other- 
wife,  of  a  contrary  name  with  the  latitude, 

238.  PROBLEM      LVIII.         ^ 
To  find  the  Time  of  an  Equinox. 

Solution.  In  a  place  the  latitude  of  which  is  known,  let  the  Sun's 
meridian  altitude  be  taken  on  the  day  of  the  equinox,  and  on  the  day 
preceding,  and  that  following  it.  Then  the  difference  between  thofe 
altitudes  and  the  co-latitude  will  be  the  Sun's  declinations  at  the  times 
of  obfervations.  (^3^) 

If  either  of  the  altitudes  is  equal  to  the  co-latitude,  that  obferyation 
was  made  at  the  time  of  the  equinox. 

But  if  the  co-latitude  is  unequal  to  either  of  the  altitudes,  proceed 
thus.     Let  DG  reprefent  the  equator  j    AC 
the  ecliptic,  E  the   equinoclial    point ;  the 
points  A,  B,  c,  the  places  of  the  Sun  at  the 
times  of  obfervation  ;  the  arcs  ad,  bf,  cg,     ^  J>     p 
the  correfponding  declinations.  \        \  ^  _     _ 

Now  ufmg  either  the  two  firft,  or  two  Le-^'^R^ 

laft  obfervations,  fuppofe  the  latter,  in  the     -^''^rL 
right-angled  fpherical   triangles   ceg,   bef, 

in  which  there  are  known  the  obliquity  of  the  ecliptic,  and  the  declina- 
tions ;  find  EC,  EB  :  then  BC,  the  fum  or  difference  of  EC,  eb,  is  the 
ecliptic  arc  defcribed  in  24  hours.     Then  fay. 
As  BC  to  BE,  fo  24  hours  for  bc,  to  the  time  correfponding  to  be. 
And  this  time  fhews  the  diftance  of  the  equinox  from  the  time  of  the 
middle  obfervation. 

239.  PROBLEM     LIX. 

To  find  the  length  of  the  tropical^  periodical.,  and  anomalijlical  revolutions 
qf  the  earth. 

Solution.  Let  two  obfervations  be  chofen,  among  the  mofl  authentic 
oi  thofe  on  record,  of  the  time  when  the  Sun  had  like  pofitions,  viz. 
ifl.   In  regard  to  his  longitude,  or  place  in  the  ecliptic. 
2d.  In  regard  to  the  right  afcenfion  of  fome  noted  ftar, 
3d.  In  refpedl  to  the  line  of  the  apfides. 

The  greater  the  interval  (fuppofe  80  or  1 00  years)  between  each  two 
obfervations,  the  more  accurate  will  be  the  refult  :  then  that  interval 
being  divided  by  the  number  of  revolutions  made  during  that  time,  will 
give  the  time  of  one  periodical  revolution. 

According  to  Mayer's  tables  the  numbers  are  thefc, 

A  tropical  year  is  made  in  365'*    5''   48'^  42% 

A  periodical,  or  fiderial  revolution  365     697. 

An  anomaliftic  revolution  365     6     15     29, 

^40.  Remarks, 
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^40.  Remarks,  r.  The  tropical  year  being  fhorter  than  the  fiderial 
by  ao  m.  25  s.y  fhews  that  the  Sun  has  returned  to  tlue  lame  {wint  of  the 
ecliptic,  before  he  has  made  one  complete  revolution  with  regard  to  the 
ita« ;  and  confcqucntly  every  point  of  the  ecliptic  muft  have  moved  in 
entecedentia  during  that  tropical  period,  and  fo  have  produced  what  is 
called  the  preceffion  of  the  equinoxes. 

Now  365  d.  6  h.  9  m.  7  s.  :  360'  ;  :  20  m.  25  s.  :  50^^,3,  or  nearly  %o'\ 
for  the  preceffion  in  one  year. 

If  there  was  no  preceffion,  the  tropical  and  fidcrial  years  would  be 
equal. 

241.  2.  A  fiderial  revolution  being  performed  fooncrby  6  m.  22  s. 
than  the  anomaliftic,  fliews  riiat  the  line  of  rhe  apfides  has  a  motion  in 
confsquentia :  now  365 d.  15  h.  29  m.  :  36 o*^ :  :  6  m.  22  s.  :  t.S^\j,  the 
yearly  quantity  by  which  the  Sun's  apogee  is  advanced  in  refpeft  to  the 
f^ars  :  and  as  the  equinoxes  move  in  antecedentia^  and  the  apfides  in  confc- 
ysfwrfzV,  their  fum  66"'' ( rr 50,3 -f  15,7)  fhe^  the  motion  of  the  apfides 
from  the  equinoxes. 

242.  3d.  From  the  comparifon  of  many  obfervations  it  appears,  that 
the  length  of  the  folar  year,  deduced  from  two  very  dfllant  obfervations 
made  at  the  time  when  the  Sun  was  in  the  fante  point  of  the  ecliptic 
near  its  apogee,  differs  by  many  feconds  from  the  length  of  the  year  de- 
<luced  by  like  obfervations,  when  the  Sun  was  in  another  part  of  the 
ecliptic,  near  its  perigee  ;  thofe  made  near  the  apogee  giving  the  revo- 
lutions lefs,  and  thofe  made  near  the  perigee  making  them  greater,  than 
the  revolutions  deduced  from  obfcrvations  taken  at  the  Sun's  mean  dif- 
tance  ;.  this  alfo  fhews,  that  the  line  of  the  apfides  has  a  motion  in  confer 
qnentia  ;  and  that  the  length  of  a  tropical  revolution  fltould  be  deter- 
mined from  very  diftarrt  obfervations,  made  at  the  times  when  the  Sun  is 
at  its  mean  diftance  from  the  Earth  ;  or  that  the  mean  revolution  fliould  be 
taken  between  thofe  deduced  from  obfervations  made  on  the  Sun's  place, 
vfhen  he  is  in  both  the  apogee  and  perigee. 

243.  problem'  lx. 

To  find  the  right  afcenfion  of  fome  noted  fixed  Jlar. 

Having  a  good  clock  well  regulated  to  mean  or  equal  time,  a  la'rge 
adlronomical  quadrant  fixed  in  the  plane  of  the  meridian,  and  an  equal 
altitude  or  tranfit  inftrument :  then,  on  fome  day  a  little  before  or  after 
the  vernal  equinox,  when  the  daily  alteration  of  the  Sun's  declination 
is  about  18  or  20  minutes,  obferve  the  Sun's  meridian  altitude;  and 
by  equal  altitudes  find  the  ttines  when  both  Sun  and  ftar  come  to  the 
meridian  j  the  difFerence  of  thefe  tinics  is  their  difference  of  right  af- 
cenfion. 

Again,  At  {o\r,e  time  a  little  after  or  before  the  autumnal  equinox, 
before  the  Sun  has  pafied  the  faid  declination,  obfcrve  his  meridian  al- 
titude ;  and  by  equal  altitudes  find  the  times  of  the  Sun  and  fame  {lar*s 
coming  to  the  meridian,  the  difference  of  thofe  times  is  alfo  the  difference 
of  their  right  afcenfions. 

If  the  vernal  and  autumnal  meridian  altitudes  are  the  fame,  then 
th<5f:  obfervations  were  made,  \Ynen  the   Sun  was  on  the  fnmc  parallel 
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of  declination  :  now  the  fum,  or  diff.  of  the  two  obferved  difFerences  of 
right  afcenfion,  fhews  the  equatorial  arc  defcribed  by  the  Sun  between 
thofc  times  ;  which  arc,  being  bifedtedy  fhews  the  diftance  of  the  nearcft 
folftice  from  the  Sun,  at  the  time  when  the  obfervations  have  equal  alti- 
tudes; and  that  diftance  correded  and  taken  from  90°,  fhews  the  Sun's 
right  aCccnfion  at  the  vernal  obfervation,  or  its  complement  to  360  de- 
grees. 

From  hence,  and  the  firft  difference  of  right  afcenfion  between  the 
Sun  and  ftar,  the  liar's  right  afcenfion  will  be  obuined. 

244.  If  the  two  meridian  altitudes  .of  the  Sun  are  not  the  fame,  their 
difference  fhews  the  difference  of  the  mid-day  declinations,  when  thofe 
obfervations  were  taken  :  now  from  fom-e  tables  of  right  afcenfion  and 
declination  take  the  Sun's  daily  alteration  in  declination  and  rij^ht  afcen- 
fion on  the  day  the  leffer  altitude  was  taken  ;  then  fay,  /Is  the  daily  change 
of  (Ud.  is  to  that  cf  right  afcen.  ;  fo  is  the  diff,  of  the  altitudes^  to  the  COV" 
rcilisn  in  right  afcerfion. 

This  correction  being  added  to  the  vernal,  or  fubtra£ted  from  the  au- 
tumnal difference  of  right  afcenfion,  as  either  is  leaft,  reduces  that  dif- 
ference of  right  afcenfion  to  what  it  would  be  when  the  declination  is  the 
fame  with  the  other ;  and  then  the  difference  between  thofe  two  dif- 
ferences of  right  afcenfion,  fo  reduced,  gives  the  equatorial  arc,  as  before 
jccited. 

245.  At  the  Royal  Obfervatory  at  Greenwich,  in  the  year  1770,  ob- 
fervations were  made  on  the  Sun  and  the  ftar*  Aqiiils. 

March  15,  Sun's  mcr.  zcn.  dift.  cleared  of  refra<51:ion  and  parallax,  waft 

53"  28^  ^<)"  ;  and  their  diff.  of  rt.  afc.  was  60°  30''  ']fi". 

Sep.  28th.  Sun's  mer,  zen.  dift.  cleared  of  refraction  and  parallax,  vvai 

53*  36'  7h"  \  and  their  diff.  of  rt.  afc.  was  109°  59'  22,8''''. 

Then  7    57''  is  the  diff.  of  zen.  difts.  or  the  alteration  in  declination. 

Alfo  23^40'^  and  (3^"  39''  or)  54^  45^^  are  the  diffs.  of  decl.  and  rt.  afc, 

between  the  15th  and  16th  days  of  March  1770. 

Nov/  23'  40''' :  f  ^1"  :  :  54'  45''^  :  iW  23,5^^  the  increafe  of  the  dif- 
ference of  right  afcenfion  after  the  noon  of  the  15th  nf  March. 
Then  60''  -p'  07,8'''— 18^  23,5''''r:6o°  11'  44,3'''  which  is  the  firft  diff.  rt. 
afc.  when  the  Sun  had  the  fame  decl.  as  at  the  fecond  obfervation. 
Here,  the  times  of  the  two  obfervations  fall  nearell  the  winter  folftice. 
Then  60"  11' 44,3'^+  109^  59^  22,8'^=  170°  i\'  •]"  -^  its  half  85"  5^33,5^'' 
is  the  diltancc  of  the  winter  folftice  from  the  Sun. 
Hence  270" +  85*^  5'  33, 5'^ +18^  23,5''''=:  355"  23'  57''^  is  the  Sun's  rC 
afc.  on  March  15th. 

Alfo  355°  23'  57'^ — 60°  3^  7,8^^=294°  53^  49,2^^  is  the  rt.  afc.  of* 
Aquilic. 

246.  The  right  afcenfion  of  one  ftar  being  known,  the  right  afcen- 
fions  of  all  the  reft  arc  found  by  noting  the  times  fhev.'n  by  the  clock, 
when  thof-'  ftars  come  to  the  meridian  :  for  the  differences  of  thofe  times, 
from  the  tranfit  of  the  chofeji  ftar,  are  the  differences  of  right  afcenfion  ; 
by  which  the  right  afcenfion  of  all  the  obferved  ftars  will  be  known  ; 
taking  care  to  augment  or  diminifli  the  right  afcenfion  of  the  chofcn  ftar 
V>y  thufc  differences,  according  as  the  chofcu  ftar  is  preceded,  or  followed 
by  the  other  obferved  ftars. 

247.  PRO- 
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^j,  P  R  O  B  L  £  M    LXL 

To  Jind  the  Sun* s  Place, 

SoitTTioN.  Let  the  time  be  obfervtd  both  when  the  Sun,  and  a  fiar 
(the  right  afccnfion  of  which  is  known)  paffcd  the  meridian,  and  hence  the 
Sun's  right  afcenfion  is  known. 

With  that  right  afccnfion,  and  the  obliquity  of  the  ecliptic,  compute 
(142)  the  longitude,  and  thus  his  place  in  the  ecliptic  will  be  known. 

548.  PROBLEM     LXIL 

To  find  the  greatejl  Equation  of  the  Center. 

«    Solution.  At  the  times  when  the  Sun  is  near  his  mean  diftance,  let 
his  longitude  be  found  -,  their  difierence  will  fhew  the  true  motion  for 
that  interval  of  time. 
.    Find  alfo  the  Sun's  mean  motion  for  that  interval  of  time. 

Then  half  the  difference  between  the  true  and  mean  motions  will  (heW 
the  greateft  equation  of  the  center. 

Obfervation  made  at  the  Royal  Obfervatory  at  Greenwich,  fhews  that 

1769  Oftober  ift.  at  23^^  49""  12'  mean  time,  0  long,  was   6*  9°  32''  o^b" 

1770  March  29th.  at    o     4    50  mean  time,  ©long,  was  o    8    50  27,5 

ThedifF.  oftimei78d.  o  15    38  >  True  difF.  long.  5  29  18  27 

The  tropical  year      =365  d.  5  h.  48  m.  42  s.        =  365,2421527 
The  obferved  interval  =  178      o       15        38  r=  178,01085648. 

Then  365,2421527  :  178,01085648  ::36o'':  175,455948  mean  motion. 
So  175"  27'  11"  oF  mean  motion,  anfwers  to  179°  18^  27''  true  motion. 
Theiryiff.r:3°  51^  t" ;  its  half  1°  55^  33^^  is  the  greateft  equation  of  the 
center  according  to  thefe  obfervations. 


1 
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PROBLEM     LXIIL 

To  find  the  eccentricity  of  the  EartVi  orbit. 


■  Solution.    Say,  As  the  diameter  of  a  circle  in  degrees. 
To  the  diameter  in  equal  parts  j 
So  the  greateft  equation  of  the  center  in  degrees. 
To  the  eccentricity  in  equal  parts. 

The  greateft  equation  of  the  center  1^55'  33"=i°,9258333,  &c. 

The  diam.  of  a  circle  being  i,  its  circumf.  is  3,1415926.  (II.  197) 

Then  3,1415926  :  i  :  :  360°  :  ii4°,59i56o9  equal  to  the  diameter. 

And  114,591609  :  i,oo&c.  : :  1,9258333  :  0,0168061  the  eccentricity. 

Hence  1,016806  (m, 000000  +  0,016806)  — aphelion  diftance. 

And     0,083194  (=;ij000009— O,oi68c6)=:perihelion  diftance. 


250.  PRO. 
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250.  P  Jl  O  B  L  E  M     LXIV. 

To  find  the  titne  and  place  of  the  Sun's  Apogee* 

Solution.  On  each  day  of  two  fuccefllve  apfides  let  the  Sun's  place 
and  the  time  be  obferved. 

Then  if  the  interval  of  thofe  times  and  places  is  equal  to  the  halves  of 
365d.  6h.  15  m.  29  s.  and  360°  i^  6^';  thofe  obfervations  were  made 
when  the  Sun  was  in  the  apfides. 

For  fuch  intervals  of  time  and  place  belong  to  no  other  points  of  the 
Earth's  orbit. 

But  if  thofe  obferved  intervals  of  time  and  place  differ  from  the  faid 
halves,  take  the  difference  between  the  interval  of  place  and  i8o°  o^  33^'. 

Then  to  the  daily  motion  of  the  Sun's  apogee  (233),  the  faid  diff.  and 
24  h.  find  the  proportional  time  ;  which  proportional  time  and  difference, 
being  applied  to  the  time,  and  places,  of  the  apogeon  obfervation,  gives  a 
time  and  place  when  it  is  r8o°  o^  33^^  diftant  from  the  obferved  perigeon 
place:  now  if  the  interval  of  theie  times  is  equal  to  182  d.  15  h.  7  m, 
44f  s.  the  times  and  places  of  the  apfides  are  known. 

But  if  the  interval  of  time  differs  from  182  d.  15  h.  7  m.  44!  s,,  fay. 
As  th;  dijf.  betivcen  the  per'igeov  and  the  apogeon  daily  motions,  is  to  the  dai/v 
motion  of  the  apogee  ;  fo  is  the  diff.  of  the  interval  of  time y  to  a  fecohd  cor^ 
region  of  the  time  of  the  apogee. 

This  correftion  applied  to  the  apogeon  time,  corrected  as  above,  will 
give  the  true  time  of  the  Sun's  apogee. 

Alfo,  to  the  laft  correction  of  time  find  the  proportional  motion  of  the 
Sun's  apogee;  and  apply  it  to  the  laft  corrected  place  of  the  apogee,  and 
the  true  place  of  the  apogee  will  be  obtained. 

^ij  obfervations  made  at  the  Royal  obfervatory  at  Greenwich  in  the 
year  1769. 

July  ift.  at  o^  3"^  20'  meantime  O  long.  =3'    90    46"^  38,5'''' 

December  29th.  at  o  2     49  mean  time  G  long.  =9     8      10     58,1 

Interval  I  Sod.         23  59     29.  Interval  of  place      —5  28     24      19,6 
The  Sun's  motion  in  huif  an  anomaliilic  year  6     o       o      33 

The  Sun's  place  at  firft  obfervation  is  too  forward  by  i      36       13,4 

Then  57'  \^"  :  1°  36^  ^SA^^  '•  :  24  h.  :  40  h,  22  m.  24s.  to  be  taken  from 
the  time  of  July  ift,  to  make  the  dilfance  of  the  times  anfwer  to  the  half 
of  360"^  i'  6'^ ;  and  it  leaves  June  29  d.  7  h.  40  m.  56  s.  ;  at  which  time, 
the  Inn  was  in  3^  8"  lo',  25,1'^,  which  is  diftant  from  the  December  ob- 
fervation by  180°  o'  33'^:  But  here  the  interval  of  time  is  i82d.  i6ht, 
21  m.  53  s.  ;  which  is  greater  than  i82d.  15  h.  7  m.  44  f  s.  the  half  ano- 
nialiftic  revolution,  by  i  h.  14  m.  H^  s.  ;  therefore  the  Sun  has  fome  time 
to  run  before  he  comes  to  the  apogee. 

Now  4^0'''':  57'i2"  : :  ih.  14  m.  S^s.  :  i7h.  13  m.  14s.  correction  of  time. 
And  24h.  :  17  h,  13  m.  14s.  :  :  57'  12'^ :  42''  6,8''^  correction  of  place. 
Then  June  29d.  7  h.    4m.  56  s.4- 17  h.  13  m.  14s.  gives 

June  30 d.  oh.  21  m.  10  s.  for  the  time  of  the  apogee, 
'^nd  3'  8"  20' :  25,i''  +  42'  6,8''  gives  3'  8'  52'  33''  for  the  place  of  the 
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t^u  PROBLEM     LXV. 

yft  any  glvtn  time  td  find  the  Sun'i  mean  aflbfti^ly. 

SotUTiON,  Let  an  epocha  of  the  Sun's  paffagc  through  its  aphelion  be 
accurately  determined.     Then  fay. 
As  the  time  of  a  tropical  revohition,  or  folar  ycnr. 
To  the  interval  between  the  aphelion  and  given  time  ; 
So  is  360  degrees, 

To  the  degrees  fhewing  the  mean  anomaly. 

Or.  From  the  tables  of  mean  motions  find  the  Sun's  moan  motion  for 
the  given  time,  and  this  will  be  the  mean  anomaly. 

152.  If  the  Sun's  motion  in  the  ecliptic  was  uniform,  his  true  place  (c(r 
any  time  could  be  found  by  the  tables  of  his  mean  motion  j  but  the  Sun's 
longitude  found  by  thofe  tables,  called  his  mean  longitude,  muft  be  cor- 
rcJled  on  account  of  his  irregular  motion. 

As  the  Earth  revolves  in  an  elliptical  orbit  about  the  Sun,  placed  in  one 
of  its  foci,  its  angular  motion  round  the  Sun  will  difter  from  the  angular 
f&otion  it  would  have,  were  the  Sun  in  the  center  of  the  ellipfis. 

Now  the  tabic  of  mean  motions  gives  the  angular  motions  from  the 
center  of  the  ellipfis  in  a  circle  dcfcribcd  on  the  line  of  the  apfidcs,  and 
reckoned  from  the  firft  point  of  Aries  ;  this  motion,  leflencd  by  that  of 
the  apogee,  gives  the  Sun's  mean  longitude,  or  mean  anomaly,  from  the 
aphelion  point. 

But  the  motion  of  the  Earth  being  in  an  elliptic  orbit,  its  true  ano- 
maly will  differ  from  its  mean;  this  difference,  called  the  equation  of 
the  center,  is  the  corrc»5lion  wanted  to  reduce  the  mean  motions  to  the 
true  ones, 

253.  To  fuul  the  equation  of  the  center,  or  to  folve  (what  is  called) 
the  KcpltMian  pri)hlcni,  is  the  moll  difHcult  operation,  particularly  in  or- 
bits the  eccentricity  of  v* hich  bears  a  conruleniblc  proportion  to  the  mean 
didance  :  how  to  do  this  has  been  fhewu  by  Newton,  Gregory,  Keil, 
La  Caillc,  and  many  others,  by  methods  little  differing  from  one  another: 
it  confifts  chiefly  in  finding  an  intermediate  angle,  called  the  eccentric 
anomaly,  as  fhcwn  in  the  following  [iroblem. 
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Solution.     Say, 

As  the  '  aphelion  dif- 

tance, 

To  the  perihelion  dif- 

tance ; 

So  is  the   tan.  |  the 

mean  anomaly. 

To  the  tan.  of  an  arc. 

Which  arc  added  to 

half  the  mean  anoma- 
ly gives  the  excentric 

anomaly. 

For  let  ADPB  be  the 

excentric. 

A  EP  the  Earth's  orbit, 

c  the  center,  s  the  Sun 

A  the  aphelion,  p  the 

perihelion,  e  the  true 

place,   D    the   corre- 

fponding  place  in  the 

excentric,  and  b  the 

mean  place. 

Now  it  is  evident,  that  the  lefs  the  eccentricity  is,  the  nearer  will  the 
elliptic  orbit  approach  the  excentric  circle  ;  the  nearer  will  the  true  and 
mean  places,  e  and  b,  approach  one  another  ;  and  the  lefs  will  be  the  dif- 
ference between  the  mean,  the  excentric,  and  the  true  anomalies  ;  alfo 
the  nearer  will  the  lines  cd,  sb,  approach  to  parallelifm,  or  coincidence : 
fo  that  in  orbits  of  fmall  eccentricities  cd  and  SB  may  be  taken  as  pa- 
rallel lines,  particularly  in  the  Earth's  orbit,  where  cs  is  only  about  -J~ 
ofcp. 

Therefore  z.  asb  =  z.  acd  the  excentric  anomaly. 

Then  in  the  triangle  BCS,  where  the  fum  of  the  fides  BC  +  CSr:SA  ;  the 
difF.  of  the  fides  bc — csrrsp,  and  l_  bcs  ( nr  fupplement  of  acs)  are 
known;   the  L.  csB  maybe  found.  (III.  48) 

Thus  SA  :  sp  :  :  tan.  \  (fum  z.i,  csB-f  b=)z.  ace  :  tan.  of  an  arc. 
Then  \  z.ACB  +  that  arc=z.csjB  (III  47.)  the  excentric  anomaly.' 
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The  Sun's  excentric  anomaly^  and  the  dirr.cr.fions  of  its  orbit  being  knoivny  t; 
find  t-he  true  anomaly. 

Solution.     Say,  As  the  fquare  root  of  the  aphelion  diftance. 
To  the  fquare  root  of  the  perihelion  diftancc. 
So  tangent  of  half  the  excentric  anomaly, 
To  tangent  of  half  the  true  anomaly. 
For  let  a  fcmicirclc   be  dcfcribed   from  E  through  the  other  focus  i, 
cutting  AP  in  i,  i,  and  SE,  produced,  in  G,  H. 

rr-j         ,TT            \                                           /SIXSi      bx  +  JiXSf       \:?.CFX2CS 
Then  (II.  172)  5H  ;  51  :  ;  sj;  sc=:( iz- — =  j . 

Vol,  I.  U  "Or 
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Orcrxcs=(|sG=:)|sE— Iejj  ca(=:|se  +  |ej)  being  radius,  andrti. 
Thertfore  sE  =  (i  +  csxcr  (III.  47)=:)i  +  csx/,acd.  (III.  9) 

A     •       T     .  «  >  /sF    \    sc  +  Aacd 

Ag.,n.    InAsri.    AssE:R::sF:,,ASE=:(-=)j^5-j^3^^r^^ 

Thcni+.-.ASi:i-.-,ASE::r  +  .  ^'^  +  V^"    .._    ^'^  +  '''t"-  ■ 

I+SCXJ,ACD  I  +  SCXJ,ACD 

O      ^ — i\ASE_/l  -t-SC  X/,ACD — SC — s\aCD 
/   l+/,ASfi  "*  V  I  +  SC  X  i\ACD  +  SC  +  j\ACD 
1— SC  +  SCXj\aCD — /,ACg 

""i  +  sc  +  sc  xj\acd  +  /,acd 
_s  p-f  cs— I  xj\a  cd^s  p — s\a  C  D  X  s  p\ 
"^  ""sA  +  cs+iX/jAC  d~sa  +  /,a  c  dxs  a/ 

I — j\a  CD       S  P 


I+/,ACD^SA 

B^^ — j\ase         .                  I — s\acd     SP         ,  SP    ,-_-  - 

"'7X7Tr7=">iA®^i  and— — ^ X  — =«,fACDX  — .  (IV.  217) 

1+JjASE  *      .  I+j\ACD       SA  '*  SA     ^  '' 

Then-^x/MACD=//,iAS£.    Or  ^=:^llf^. 

SA  '  '*  SA      //,iACD 

^^^'^^^'^  V7rX=7;iX7^-       OrJ/sA  :  /sp  -. :  /,iACD  :  ^ase, 

256.  Remark.  The  ^cqs=z.acb  en  z.ase  (II.  95),  /j  the  equation 
of  the  center^  to  he  applied  to  the  mean  anomaly  ;  and  is  fubtraSiive  from  the 
aphelion  to  the  perihelion^  or  in  the  firji  fix  figns  of  anomaly  \  and  additive 
from  the  perihelion  to  the  aphelion^  or  in  the  taji  fix  Jigns  of  anomaly. 

For  the  lines  cb,  se  ;  cb,  se,  which  coincide  in  sa,  sp,  will  in  every 
other  pcfition  crofs  one  another ;  in  c^  while  revolving  from  a  to  P, 
and  in  q  while  revolving  from  p  to  a  :  in  the  firft  half  revolution,  the 
mean  anomaly,  or  the  external  Z.  acb,  exceeds  the  Z.  ase,  the  true  ano- 
maly, by  the  ACQS  (II.  96)  :  in  the  latter  half,  the  true  anomaly,  or  ex- 
tcruiil/L  PSfl,  exceeds  the  mean  anomalvj  orz.  pc/-,  by  thez.  sqc. 
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S  E  C  T  I  O  N     IX. 

Pra&ical  AJlronomy, 

Of  the   E  Q^U  AT  I  O  N   of  Tl  M  E. 

257.  Time,  which  of  itfelf  flows  uniformly,  has  its  parts  meafured  by 
the  motion  of  fome  vifible  objedl;  and  the  Sun  being  the  moft  confpi- 
cuous  moving  objedt  in  the  heavens,  its  motion  has  been  chofen  as  the 
moft  proper  meafure  of  the  parts  of  time,  as  well  for  the  day,  as  for  the 
year. 

258.  The  aftronomical  day,  at  any  place,  begins  when  the  Sun's 
center  is  on  the  meridian  of  that  place ;  and  is  divided  into  24  hours, 
reckoned  in  a  numeral  fuccefllon  from  i  to  24 :  the  firft  12  are  fome- 
times  diftinguifhed  by  the  mark  P.  M.,  fignifying  pojl  meridiem^  or  after- 
noon;  and  the  latter  12  are  marked  A.  M.,  fignifying  ante  meridiem^  or 
before  noon  :  but  aftronomers  generally  reckon  through  the  24  hours, 
from  noon  to  noon  j  and  what  is  by  the  civil,  or  common  way  of  reckon- 
ing, called  morning  hours,  is  by  Aftronomers  reckoned  in  the  fucceflion 
from  12,  or  midnight,  to  24  hours. 

Thus  5  o'clock  in  the  morning  of  April  the  lOth,  is  by  aftronomers 
called  April  the  9th,  at  17  h. 

259.  The  Sun's  daily  motion  in  longitude  is  the  arc  of  the  ecliptic  run 
through  in  tS»at  day  ;  and  his  daily  motion  in  right  afcenjion  is  the  corre- 
fponding  arc  of  the  equator  ;  and  the  mean  daily  motion  in  either  circle  is 
meafured  by  59'  %^'  nearly.     For  365  d.  :  i  d. :  :  360°  :  59'  %'\ 

260.  An  Astronomical  or  Solar  Day  is  the  interval  of  time  be- 
tween two  fucceflive  tranfits  of  the  Sun's  center  over  the  fame  meri- 
dian ;  and  is  meafured  by  the  fum  of  the  whole  equator,  and  an  arc  of  it 
equal  to  the  daily  motion  in  right  afcenfion. 

For  at  the  end  of  a  diurnal  rotation,  which  by  obfervations  is  known 
to  be  uniform,  the  meridian  has  returned  to  the  fame  ftar,  or  point  of  the 
ecliptic,  which  it  was  againft  at  the  preceding  noon  ;  but  the  Sun,  during 
this  rotation,  has  removed  from  that  ftar  to  another,  which  has  a  greater 
right  afcenfion  :  therefore,  before  the  meridian  can  be  again  oppofite  to 
the  Sun,  fo  much  of  another  rotation  muft  be  defcribed,  as  is  equal  to 
the  daily  motion  in  right  afcenfion. 

261.  A  SiDERiAL  Day  is  the  interval  between  two  fucceftive  returns 
of  the  fame  meridian  to  the  fame  fixed  ftar,  is  lefs  than  the  folar  day,  and 
is  meafured  by  360°. 

262.  A  Mean  or  Equatorial  Day  is  the  time  elapfcd  between 
two  fucceflive  tranfits  of  the  Sun  over  the  meridian,  and  is  meafured  by 
360''  59^  8"  nearly. 

263.  Mkan  or  Equal  Time  is  that  (hewn  by  a  clocky  whofe  24 
hours  meafure  the  time  which  the  Sun  takes  to  defcribe  an  equatorial  arc 
equal  to  363°  59'  W  nearly. 

264.  The  dift'erence  between  the  meafures  of  a  mean  folar  day  and 
a  fiderial  day,  viz.  59''  8^'',  reduced  to  time  (132),  gives  3  m.  56  s.  ; 
which  ftiews,  that  a  ftar  which  was  on  the  meridian  with  the  Sun  on 
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one  noon,  will  return  tp  that  meridian  3  ra.  56  s.  before  the  next  noon  ; 
therefore  a  clock,  which  meafures  mean  or  equal  days  by  24  hours,  will 
give  23  h.  56  m.  4  s.  for  the  length  of  a  fiderial  day. 

265.  Apparent,  or  True  Time,  is  that  fnewn  by  z  fun-dial ; 
where  24  hours,  or  a  day,  is  mcafured  by  the  fum  of  360°,  and  that' day's 
motion  in  right  afccnfion. 

266.  The  folar  days  are  unequal  to  one  another,  for  obfcrvations  flicw 
that  the  fun's  daily  motion  in  right  afcenfion  is  continually  varying. 

The  true  and  mean  folar  days  are  never  equal,  but  when  the  Sun's 
daily  motion  in  right  afcenfion  is  59^  S'^ ;  which  happens  about  February 
lith.  May  14th,  July  26th,  and  November  ift:  at  all  other  times  the 
lengths  of  the  true  and  mean  days  differ.  The  accumulation  of  thcfe  dif- 
ferences produces  the  equation  of  time;  and  fometimes  the  apparent  noon 
will  precede  the  time  of  the  mean  noon,  and  fometirrfes  fall  after  it;  their 
dilFercnce  amounting  to  above  16  minutes  at  the  beginning  of  November. 

•  267.  The  Equation  of  Time  is  the  difference  between  the  times 
(hewn  by  a  deck  and  zfutt-dial ;  or  between  the  fnean  and  true  noons  ;  or 
between  the  Sun's  right  afcenfion  and  his  mean  longftude  when  turned 
into  time  at  the  rate  of  15°  to  an  hour. 

This  difference  arifes  on  two  accounts.  Firft-,  becaufe  of  the  obli- 
quity of  the  ecliptic  the  daily  motions  in  longitude  and  right  afcenfion  arc 
unequal.  Secondly,  becaufe  of  the  unequal  motion  of  the  Earth  in  an 
elliptic  orbit. 

In  the  firft  and  third  quadrants,  or  between  the  figns  tS,  ^"V^f  the 
right  afcenfion  being  lefs  than  the  longitude  (140),  or  the  mean  motion 
taken  in  the  equator;  the  point  of  right  afcenfion  is  to  the  weft,  and 
therefore  the  apparent  noon  precedes,  or  comes  in  confequent'ia  to  the 
meridian  before  the  mean  noon  :  but  in  the  2d  and  4th  quadrants,  or  be- 
tween the  figns  ®=^,  ^T>  the  right  afcenfion  being  greater  than  the 
longitude  or  mean  motion,  taken  in  the  equator,  the  mean  noon  is  weft- 
ward,  and  therefore  precedes,  or  comes  in  confequent'ia  to  the  meridian 
before  the  apparent  noon. 

From  the  aphelion  to  the  perihelion,  or  in  the  firft  fix  figns  of  anomaly, 
the  mean  noon  precedes  the  apparent ;  and  in  the  laft  fix  figns  of  ano- 
maly the  apparent  noon  precedes  the  true  ;  their  difference  in  either  cafe 
is  the  equation  of  the  center,  which  convert  into  time. 

•  Now  becaufe,  the  points  of  Aries,  and  (,f  the  Sun's  apogee,  the  places 
where  the  two  parts  of  the  equation  of  time  commence,  do  conftantly  re- 
cede from  one  another ;  therefore  the  whole  equation  of  time  made  up 
of  thofe  two  parts  will  ferve  only  for  a  few  years,  and  requires  to  be  cor- 
rected from  time  to  time. 

268.  To  calculate  the  equation^  or  difference  Ictivcen  the  mean  and  appa- 
rent  noons,  for  any  propofed  day. 

Find  the  mean  and  true  anomalies  for  that  time  (255)  ;  their  diffe- 
rence, or  the  equation  of  the  center,  is  one  part. 

The  true  anomaly  gives  the  Sun's  longitude;  with  v/hich,  and  the 
obliquity  of  the  ecliptic,  compute  the  right  afcenfion  ('39);  the  diff^e- 
rence  between  the  longitude  and  right  afcenfion  gives  the  other  part. 

The  fum,  or-difF,  of  the  rvr'O  parts,  turned  into  time,  gives  the  cqua- 
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S  E  C  T  I  O  N    X. 

Pra&ical  AJlronojny, 

To  "make  Solar    Tables. 
260.     I.   T!ahles  of  the  mean  motions  of  the  Sun.         (2^^>Z  2,\ 

Divide  360  degrees  by  a  folar  revolution,  the  quotient  fhews  the  mean 
motion  for  one  day  o*  59'  08^^  Sec. 

Take  the  multiples  of  one  day's  motion  from  i  to  365  for  every  day  in 
the  year  ;  and  thefe  properly  diipofed,  according  to  the  month  days,  will 
give  the  mean  motions  for  every  day  of  each  month.  (304') 

The  24th  part  of  one  day's  motion  vviHgive  that  for  one  hour,  and  its 
multiples  to  24  times  will  fhe\y  the  mean  motions  anfwering  to  each  hour : 
from  hence,  thofe  for  the  minutes  of  an  hour,  the  feconds  of  a  minute, 
^c.   are  eafily  obtained.  (  303) 

The  mean  motion  of  a  year  of  365  days  (viz.  for  the  laft  of  December) 
being  doubled,  tripled,  and  quadrupled,  thofe  for  i,  2,  3,  and  4  years 
will  be  obtained,  adding  one  day's  mean  motion  to  the  4th  year,  it 
being  leap-year,  and  containing  366  days  :  the  motion  for  leap-year 
being  increafed  by  thofe  of  i,  2,  3,  and  leap-Jears,  give  thofe  for  5,  6, 
7,  and  8  years  :  the  mean  motion  for  8  years  being  increafed  by  thofe 
for  I,  2)  3,  and  4  years,  give  thofe  for  g,  10,  11,  and  12  years  :  and 
thus  increailng  the  mean  motion  for  the  laft  leap  year  by  thole  of  i,  2,  3, 
and  4  years,  the  mean  motions  may  be  continued  for  any  number  of  ab- 
iblute  years.  (S^i) 

270.  In  the  following  tables  the  numbers  ufed  wprc, 

Length  of  the  year  l^S^-  ^'  4Sm.  54T?. 

Yearly  motion  of  the  apogee,  o"      \'       $"'• 

Place  of  the  apogee,  beginning  the  year  1760,  3'     8     47      25. 

Greateft  equation  of  the  Earth's  urbit.  I      55      39. 

271.  Now  365  d.  5h,  48  m.  54!  f.z: 365,2423003472  days. 
Then  365,2423003472  d.  :  360''  :  ;  i  d.  :  0,9856470613  degrees. 
Hence  the  mean  motion 


January 

5th 

January 

30th 

March 

31ft 

June 

29th 

December 

26th 

December 

31ft 

for  I  day  rx   0' 

0^59/    S'^ 

■19/// 45'' 

'54" 

50^ 

5  days~   0 

4  55  41 

38 

49 

34 

10 

30  days  —   0 

29  34    9 

52 

57 

25 

0 

90  days—   2 

28  42  29 

38 

52 

15 

0 

180  dayst=  '5 

27  24  59 

17 

44 

30 

>-> 

360  days—  1 1 

24  49  58 

35 

29 

0 

0 

365  day  si::  11 

29  45  40 

M 

78 

34 

10 

U  3  Now 
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Now  I  year's  mean  motion  — iif.ig"  4.5' 4(y'i4^^j8''34*  10"'. 

2  years  =11  29  31  20  28    37     8  20. 

3  years  =11  29  17     o  42    55  42  30. 

4,  or  leap  year  =0     o     1  49  17  on  30  — 3y.  +  iy.  +  id. 

5  years  =11  29  47  29  31  18  45  40  =  4)^. -fiy. 

6  years  =11  29  33     9  45  37  19  5o  =  4y.  +  2y. 

7  years  =11  29  18  49  59  55  54    o=4y.  +  3y. 

8  years  B  =  0     o     3  38  34  o  23     o  — 4y.  X2. 
20  years  B  =  0     o     9     6  25  o  57  3o=4y.  X5. 

100  years  B  =:  o     o  45  32     5      4  47  30  =  20y.  X5. 

1000  years  b  =  o     7  35  20  50    47  55     o=iooy.  XJO. 

Where  b  ftands  for  biflbxtile,  or  leap-year. 

.472.  But  to  find  the  mean  motions  for  the  years  related  to  any  par- 
ticular epocha,  the  mean  motion  for  fome  particular  time  in  that  epocha 
muft  be  known.     Thus, 

Let  the  mean  motion  of  the  Sun  be  determined  by  obfervation  (or 
otherwife)  when  the  Sun  is  in  fome  noted  point  of  the  ecliptic,  fuppofe 
near  Aries  :  or  let  the  time  of  its  entrance  into  the  fign  Aries  be  well 
afcertained.  Take  the  difference  between  the  time  of  that  ingrefs  and 
the  31ft  of  December  at  noon,  in  days,  hours,  minutes,  and  feconds 
(reckoning  the  end  of  the  31ft  of  December  to  be  the  beginning  of 
January  at  noon,)  and  find  the  mean  motions  for  thofe  days,  hours, 
minutes,  and  feconds,  and  it  will  (hew  the  motion  from  Aries,  for 
the  31ft  of  December,  or  the  mean  motion  at  the  beginning  of  the 
year  propofed  j  or  the  radix  for  that  year  with  relatioji  to  the  propofed 
epocha. 

The  relative  mean  motions  for  one  year  being  known,  thofe  for  any 
number  of  fucceeding  years  belonging  to  that  epocha,  may  be  had,  by 
adding  fuch  of  the  before  found  abfolute  years  to  the  firfl  relative  year, 
as  will  make  the  number  wanted  :  and  the  mean  motions  for  any  paft 
year  of  that  epocha  will  be  found  by  leflening  the  radical  years  by 
fuch  a  number  of  the  abfolute  years,  as  will  produce  the  relative  years 
required.  (302) 

And  in  this  manner  are  tables  conflru£led,  by  which  the  mean  motions 
of  the  Sun  for  anytime,  pafl,  or  to  come,  may  be  computed. 

273.  Suppofe  in  the  year  1760,  the  Sun  entered  Aries  on  the  20th  of 
March,  at  13  h.  42  m.  3|s.  P.  M.  :  required  the  Sun's  mean  motion  for 
the  beginning  of  the  year  1760. 

Now  1760  being  leap-year,  February  has  29  days,  and  from  the  equi- 
nox to  the  commencement  of  the  year  is  80  d.  I3h.  42  m.  3I  s. 
Then  i  d.  :  0,9856470613  deg.  : :  Sod.  13  h.  42  m.  3I  s.  :  79,41444 
&c.  degrees. 

Therefore  at  the  beginning  of  the  year  1760,  the  Sun's  mean  longitude 
was  2*  19"  24'  52''^  inort  of  Aries  ;  or  his  mean  longitude  was  9*  10°  35^ 
d^y  which  is  the  radical  mean  place  for  the  year  1760. 

274.     11.  Of  the  mean  motions  of  the  Sun's  apogees.  (301,  302) 

The  yearly  motion  of  the  apogee  being  determined  (241)}  the  mo- 
tion for  any  number  of  abfolute  years  will   be  that  multiple  of  one 
9  year's 
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year's  motion,  and  (o  for  any  part  of  a  year  :  the  monthly  motions  wiU 
be  5  feconds  for  fome  months,  and  6  for  others,  to  make  65  in  the  I2 
months. 

Let  the  time  of  the  Sun's  pafl^ge  through  the  aphelion  be  accurately 
determined  by  obfervation  (250),  and  alfo  its  place  in  the  ecliptic  j  then 
the  diftance  of  the  place  of  the  apogee  from  Aries  will  be  known  at  that 
time :  let  this  diftance  be  leflened  by  the  apogee's  motion  from  the  laft 
day  of  the  year  preceding  the  propofed  epocha  to  the  time  of  the  apogeon 
paflage,  and  the  mean  motion  of  the  apogee  will  be  known  for  the  be- 
ginning of  that  year,  taken  as  a  radix. 

Then  that  radical  mean  motion,  increafed  by  the  multiples  of  the  yearly 
motion,  Avill  give  thofe  for  fucceeding  years  :  but  being  diminifhed  by 
thofe  multiples  will  give  them  for  paft  years. 

The  Sun's  mean  motion  for  any  time,  leflened  by  that  of  tlie  apogee  for 
that  time,  gives  the  Sun's  mean  anomaly. 

275.  III.  0/  the  equation  of  the  Sun's  center.  {Z'^S^ 

To  every  degree  of  the  firft  fix  figns  of  mean  anomaly  aflumed,  find 
the  true  anomaly  (253,  254)  :  the  difference  between  the  mean  and  true 
anomalies  will  be  the  equations  of  the  center  to  thofe  degrees  of  mean 
anomaly  ;  which  ferve  alfo  for  the  degrees  of  the  laft  fix  fines  j  as  equal 
anomalies  are  at  equal  diftances  on  both  fides  of  either  apfide. 

Set  the  equations  of  the  center  orderly  to  their  figns  and  degrees  of 
anomaly,  the  firft  fix  being  reckoned  from  the  top  of  the  table  down- 
wards, and  figned  at  top  with  the  tix\Q  fubtr  a  Si  ;  the  laft  fix,  for  which 
the  fame  equations  ferve,  but  taken  in  a  contrary  order,  viz.  from  the 
bottom  of  the  table  reckoned  upwards,  are  figned  at  bottom  with  the 
title  add;  and  let  the  difference  between  every  adjacent  two  equations, 
called  tabular  differences,  be  fet  in  another  column. 

From  thefe  equations  of  the  center,  augmented  or  diminifhed  by  the 
proportional  parts  of  their  refpedive  tabular  differences  for  any  given 
minutes  and  feconds,  arc  deduced  equations  of  the  center  to  any  given 
mean  anomaly, 

276.  Aftronomical  tables  are  ufually  computed  to  anfwer  to  two  given 
denominations  only ;  as  to  figns  and  degrees  :  degrees  and  minutes  ; 
months  and  days  ;  &c.  :  for  if  made  to  more  names,  fuch  tables  would 
fwcil  into  a  bulk  fo  great,  as  to  be  tedious  to  compute,  expenfive  to  print, 
and  of  no  great  advantage  in  the  ufe  ;  but  it  generally  happens  in  calcu- 
lations, that  numbers  are  wanted  from  tables  to  anfwer  to  given  nunibers 
of  three,  or  more  denominations  as  to  figns,  degrees,  minutes,  and  fe- 
conds ;  months,  days,  hours,  minutes,  and  feconds  ;  &c.  :  and  to  obtain 
from  the  tables  numbers  anfwering  to  all  the  given  names,  the  tabular 
numbers  are  to  be  increafed  or  diminifhed  by  a  proportional  part  of  their 
difference. 

Thus.  To  find  the  equation  sf  the  center  to  4'  2i°  44'  36''''  P 

Now  the  equation  to  this  number  will  fall  between  thofe  belonging 
4«  21"  .-ind  4*  22";  which  equations  are  1°  13^  59'^  and  1°  12^  24''  (205) 
Their  diff.  is  1'  35^'=95'''j  the  pro.  pt.  of  which  is  to  be  taken  for  44''  36'^ 

U  4  And 
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And  as  the  difT.  i°  or  60' :  dift'.  95'^ :  :  44^,6  :  70'^6=:  i'  1 1''^  the  proper 
tioiial  part. 

Now  to  4»  21^    &    o^\  1°  13'  59^'  is  the  equation  of  the  center. 

And   to  o     o  44  36  ,  III    is  the  prop,  part  to  be  fubtradec 

——————  i  ^ 

Then  to  4  21   44  36  ,  I    12  48    is  the  equation  of  the  center. 


When  the  tabular  numbers  are  iRcreafing,  the  proportional  part  is  to  be 
added  j  but  when  decreafing,  the  proportional  part  is  to  be  fubtracSed. 

277.  IV.  'Tables  of  the  Sun's  true  place.  (308) 

The  Sun's  true  place  at  any  propofed  time  is  thus  found.  • 

Colledl  together  the  mean  motions  of  the  Sun,  and  alfo  thofe  of  the 
apogee,  for  the  given  year,  month,  day,  (hour,  minute,  and  fecond, 
if  given)  J  and  their  fum  will  be  the  mean  motions  of  the  Sun  and  its 
apogee. 

The  Sun's  mean  motion,  leflened  by  that  of  the  apogee,  gives. the  mean 
anomaly  ;  to  which  find  the  proper  equation  of  the  center  by  proportion- 
ing for  the  minutes  and  feconds. 

Then  the  Sun's  mean  motion,  augmented  or  diminifhed  by  the  equation 
of  the  center,  as  the  title  of  its  table  directs,  gives  the  Sun's  true  longi^ 
tude,  or  place,  for  that  given  time. 

The  Sun's  place  thus  found  to  every  day  for  four  fuccellivc  years,  viz. 
for  leap-year,  and  i,  2,  3  years  after;  and  thofe  places  ranged  under 
their  proper  years',  according  to  their  refpective  months  and  days,  confti- 
tute  the  tables  of  the  Sun's  place. 

Thefe  tables  find  the  Sun's  place  at  noon  only ;  but  the  place  for  any 
intermediate  time  is  found  by  applying  to  the  noon-place  the  proportional 
part  of  the  dai]y  difference  at  that  time, 

278.  7'o  find  the  Sun's  longitude^  P^PP^f^  °^  ^^^'y  4>  l/^^*  ^'  ^^^  ^'^^^  "^f 

afpareyit  nocn  ? 

In  the  table  of  the  Sun's  longitude  (308)  for  1788,  againft  May  4th, 
flands  1=  14^  36'  02'%  which  fhews  that  the  Sun's  longitude,  reckonca 
from  Aries,  is  44"^  36''  01" ;  or  that  his  place  is  in  ^  14°  36'  02''. 

But  to  find  the  Sun's  place  at  any  other  hour,  fuppofe  on  M;3y  4th,  ai 
7  h.  24  m.  36  s.  apparent  time,  proceed  thus. 

The  difference  betv/een  the  noon  places  of  the  4th   and  5th  of  May  h 
-57'' 59'^— 3479^^  anfwering  to  24  hours  in  time.  i.i^^) 

Then  24h.  :  7  h.   24  m.  36  s.  :  :  3479'''  ;  1074''^:  17^  54'',  the  propor- 
tional part. 

And  i»   14°  36' 02'^+ 17^  54'''=!' H"  53' 5^  >  ^'^^   Sun'?,  longitude  at 
that  time. 

279.  Gr,  the  Sun's  pLce  may  be  found  by  '.he  tvihles  of  mean  mo- 
:ioiis. 

Fro:?.  J 
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i^rom  the  apparent  time  'j^  24'  36'^  take  the  equation  of  time  (316) 
al  to  3^  35'^  and  the  remainder,  y^  %\'  i'\  is  the  mean  time. 


?.  O's  m.  mot.  (302)  9»  io°47'53' 

••^4                     (3°5)+  2  13  13 

■  Mjrs                    (303)  17  15 

inutes                (303)  52 

';cond                   (303)  o 

??'s  mean  longitude          i  13  19  13 

2,quat.  center         +  i  34  44 


Sun's  true  longitude         i  14  53  57 


Mot.  ap.  39  17  4?  (302) 

^  (307) 

^  g   18  07  m.  apogee. 


DIff.  10  4     I  Ob  m.  anom. 

Now  to  10*  4°  the  equation  of  the 
center  is  1*  34'  4^^"  (305) 

And  thedifF.  is7o"decreafing.  60':  70" 
:  :  i'  06"  :  \"  the  proportional  part. 
And  I**  34'  45"—  \"—\  34  44  equa- 
tion  of  the  center. 


280.  To  find  the  Sun^s  longitude  at  any  given  time  and  place. 

Seek,  in  the  table  of  the  longitudes  of  places,  at  the  end  of  Book  VI. 
for  the  difference  of  longitude  between  London  and  the  propofed  place  5 
and  convert  the  diff.  of  longitude  into  time. 

If  the  propofed  place  is  to  the  eaftward  of  London,  take  the  difF.  be- 
tween the  propofed  time  and  diff".  of  longitude,  and  this  will  fliew  the  cor- 
refponding  time  at  London ;  after  noon,  if  the  propofed  time  is  greater 
than  the  dift'.  of  longitude  j  but  before  noon,  if  the  propofed  time  is 
lead. 

If  the  propofed  place  is  to  the  weftward  of  London,  the  fum  of  the 
propofed  time  and  difF.  of  longitude  will  be  the  correfponding  time  at 
London. 

The  Sun's  place  found  to  the  correfponding  time  at  London,  will  be 
the  Sun's  longitude  fought  for  the  propofed  time  and  place. 

Thus.  In  a  place  6  h.  to  the  eaft  of  London,  when  it  is  8  h.  P.  M. 
at  that  place,  it  is  2  h.  P.  M.  at  London  ;  and  when  it  is  4h.  P.  M.  at 
that  place,  it  is  2h.  before  noon  at  London. 

For  when  it  is  noon  at  London,  it  is  6  h.  P.  M.  at  the  other  place. 

Alfo,  in  a  place  6  h.  to  the  weft  of  London  ;  when  it  is  8  h.  P.  M,  at 
that  place,  it  is  14  h.  P.  M.  at  London. 

For  when  it  is  noon  at  the  propofed  place,  it  is  6h.  P.  M.  at 
London. 

23 1.  V.   Tables  of  the  Sun"  s  decUnation,  (309) 

With  each  of  the  Sun's  longitude?,  already  found,  and  the  obliquity  of 
ihe  ecliptic,  find  the  declination  to  each  day  of  the  four  years.         (139) 

Or  thus.  To  each  degree  of  the  three  firft  figna  of  the  ecliptic, 
tukcn  as  longitudes,  find  the  declination  ( 1 39 )  :  and  of  thefe  declinations, 
regularly  ranged  to  their  fign  and  degree,  take  the  difference  of  each  ad- 
jacent two,  which  fet  againft  them  in  another  column  ;  and  this  auxiliary 
tabic  is  prepared,  atifwering  to  each  fign  and  degree  of  longitude  (306 j: 
for  to  equal  longitudes,  taken  on  both  fides  of  each  equinox,  belong 
equal  declinations. 

Now  thefe  auxiliary  declinations'  augmented,  or  diminifhed  (accord- 
Va^  as  thty  arc  incrtafing  or  dctreafing,  by  the  proportional  part  of  their 

difference. 
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difference,  for  the  minute  and  feconds  in  any  given  longitude,  will  give 
the  declination  for  that  longitude. 

And  this  being  done  for  every  day  in  the  four  years,  ufing  the  longi- 
tudes already  computed,  will  give  the  declinations  fought  :  which  are  to 
be  ranged  according  to  their  year,  month,  and  day.  (309) 

282.  To  find  the  Sun's  declination.  Suppofe  on  May  4,  1788,  at 
noon.  In  the  table  of  the  Sun's  declination  (309)  for  1780,  againft  May 
4,  (lands  16°  14'  \2t"  fof  the  Sun's  declination,  which  is  N.  as  being  be- 
tween the  vernal  and  autumnal  equinoxes. 

283.  But  if  the  declination  w^s  wanted  on  May  4,  1788,  at  7  h.  24  m. 
36  f.  P.  M.  proceed  thus. 

The  difference  between  the  noons  of  May  4  and  5,  is  i5'  59''',  which 
anfwers  to  24h.  Then  24h.  :  17^  o^'  :  :  7h.  24m.  36  f.  :  5^  15^-',  the 
|)roportional  part. 

And  as  the  declination  is  increafing ;  then  16°  14'  ij''  +  5''  is''  gives 
j6°  19^  28^''  for  the  Sun's  dccl.  at  the  propofed  time. 

284.  But  art.  311  is  a  table  for  finding  the  proportional  part  at  figh^ 
for  fitting  the  noon  declination  to  any  other  time.     Thus. 

Seek  in  the  left-hand  column  for  a  daily  difference,  neareA  to  the  given 
one ;  againft  which,  in  a  column  marked  at  top  with  hours,  neareft  to  thofe 
given,  ftands  the  proportional  part  fought. 

Thus  againft  17^  o'^  of  daily  diff.  and  to  7  h.  24  m.  time,  ftand  sf  'iS^\ 
the  proportional  part  fought. 

Although  this  table  goes  no  farther  than  8  h.,  yet  it  may  be  applied 
quite  to  12  h.  or  180  degrees. 

285.  Exam.  What  will  be  the  Sun's  declination  at  London,  on  tkt  2Stb 
pfjugujly  1788,  at  10  b.  35  OT.  P,  M.  ? 

In  1788,  the  daily  diff.  between  the  noons  of  the  25th  and  the  26th  of 
Auguft  is  20'  58^''  decreafing.  (309) 

Now  10  h.  35  m.  is  equal  to  2  h.  35  m.  +  8  h.  o  m. 
To  the  diff.  iq/  58^',  and  to  2h.  35  m.,  anfwers  2^  \^" .  (3^1) 

To  the  diff.  20^  58''',  and  to  8  h.  o  m.,  anfwers  6''  59^^. 
The  Turn  9^  1$"  is  the  proportional  part,  by  which  the  decl.   10®  28' 
29''  to  Auguft  25th,  is  to  be  diminifhed  ;  fo  10°  19''  i\''  is  the  dec], 
fought. 

Here  20'  58'^,  is  taken  as  if  it  was  n'  o". 

And  2  h.  35  ni.  is  |,  the  interval  between  2  h.  20  m.  and  2h.  40  m. 
Now  x\'  gives  z'  2"  for  2^  20^,  and  2^  zo"  for  2''  40^ ;  the  diff.  is  18^^, 
three  fourths  of  which  is  \\"  -.  and  this  being  added  to  l'  l"  gives 
if  \h"  for  i\'  with  2^  35^  Moreover  21''  with  8h.  gives  ']'  oo"  -^  but 
I  take  one  fecond  lefs  becaufe  the  daily  dift'.  in  declination  is  2."  lefs 
than  21''  00''^ 

286.  From  the  table  of  declination,  fitted  to  the  meridian  of  Lon- 
«ion,  or  Greenwich,  the  declination  may  be  found  at  any  time,  under 
?.ny  other  meridian,  at  a  given  difference  of  longitude  from  London. 
TIj";. 
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Required  the  Sun's  declination  at  neon  under  a  mtridian  II0°  to  the  wep  of 
London,  on  the  24/A  of  February,  1788, 

(311)  Now  at  110°  to  the  weft  of  London,  it  is  noon  7  h.  20  m.  after 
it  is  noon  at  London  j  that  is,  when  it  is  7  h.  20  m.  P.  M.  at  London, 
it  will  be  noon  at  the  propofed  place  j  fo  the  declination  found  to  that 
time  at  London  (2185)  will  be  the  declination  fought.  , 

In  1788,  the  difF.  between  the  declinations  of  the  24th  and  25th  of  Fe- 
bruary, is  22^  13'''  decreafing  (309)  :  and  againft  22''  lo^'  of  daily  difF,, 
and  under  110°,  or  7  h.  20  m.,  is  h'  49^^  in  table,  art.  311,  which  taken 
from  9"  27''  33^',  leaves  9"  20^  44^^,  the  declination  fought. 

Exam.  IL  TVhat  is  the  Sun*s  declination  on  September  id,  3788,  ct 
"2.0  h.  30  w.,  under  a  meridian  I00°  to  the  eajiiuard  of  London? 

Now  under  a  meridian  100*  to  the  eaftward  of  London,  it  is  noon  6h, 
40  m.  before  it  is  noon  at  London  (311)  ;  or  when  it  is  noon  at  Lon- 
don, it  is  6h,  40  m.  after  noon  at  the  propofed  place  ;  and  when  20  h. 
30  m.  after  noon  at  that  place,  it  is  13 h.  50m.  after  noon  at  London; 
fo  the  declination  found  at  that  time  (285),  will  be  the  declinatioa 
fought. 

In  1788,  the  daily  difF.  at  September  2d,  is  22'  b"  (309),  againft 
which  (in  tab.  art.  311),  and  under  8  h.  and  5h.  5©  m.,  ftand  "]'  i\"  and 
5'  i\",  their  fum  12''  42^^  taken  from  the  decl.  to  September  2,  viz.  7* 
36'  3C/^,  leaves  7°  23^  48^'',  the  declination  fought. 

Here  5  h.  50  m.  fall  in  the  middle  between  5  h.  40  m.  and  6  h.  o  m.  ib 
5^  ^l",  the  middle  between  5''  i^"  and  5^  y:/',  is  taken. 

187.  VI.   'Tables  of  the  SurCs  right  ajcenfion.  (310) 

To  the  obliquity  of  the  ecliptic,  and  each  degree  in  the  three  fJrft 
figns  of  longitude,  find  the  right  afcenfions  (139),  and  of  each  take 
the  fupplement. 

Range  the  right  afcenfions  according  to  their  fign  and  degree  for  the 
three  firfl  figns  j  and  for  the  three  next  figns,  range  the  fupplements,  (b 
that  the  4th  fign  begins  with  the  leafl  fupplement,  and  the  6th  fign  ends 
with  the  greateft  :  becaufe  the  right  afcenfions  in  the  2d  and  4th 
quadrants  are  the  fupplements  of  thofe  in  the  firfl  and  third. 

Let  the  difFerences  of  thefe  right  afcenfions,  viz.  each  adjacent  two» 
through  the  fix  figns  be  taken,  and  fet  in  other  columns.  (3^7) 

Then  this  auxiliary  table,  ufed  like  that  of  declination,  will  give  the 
right  afcenfion  to  each  day  in  the  four  years, 

288.  To  find  the  Sun's  right  afcenfion,  fuppofe  on  June  12  at  noon,  in  th 
year  1788,  at  London, 

In  the  table  of  the  Sun's  right  afcenfion  (310)  for  1788,  againft  Juoc 
12,  ftands  5  h.  25  m.  19  f.,  which  is  the  right  afcenfion  fought,  and  (hew5 
how  much  later  the  Sun  paffcd  the  meridian  -©f  London  than  the  equi- 
noctial point  Aries, 
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Exam.  II.  Required  the  Sun's  right  afcenfton  at  London  on  the  2d  of 
November^  1788,  at  qh,  30M.  P.  M.? 

Between  the  2d  and  3d  of  November,  1788,  the  daily  diff.  is  3  m.  58  f. 
which  anfwcrs  to  24 h.  Then  24 h.:  3m.  58  f.  :  :  gh,  30m.  :  i  m.  34 f., 
the  proportional  part. 

Then  the  right  alcenfion  on  the  2d  at  noon,  i4.h.  33  m.  20  f.  4- 1  m.  34  C 
gives  14 h.  34  m.  54  f.  for  the  right  afcenfioii  at  the  time  required. 

By  this  table  the  right  afcenfion  may  alfo  be  found  at  any  time  in  places 
that  arc^  the  caOvvard,  or  weflward,  of  London,  the  difFerence  of  longi- 
tude of  thofe  places  being  known  ;  by  finding  the  time  at  London  cor- 
relponding  to  the  given  time  at  the  propofed  place,  and  feeking  the  right 
afcenfion  to  that  correi'ponding  time  at  London. 

The  table  at  art.  311,  pages  222,  223,  maybe  applied  to  the  tables  of 
the  Sun's  longitude  and  right  afcenfion,  as  well  as  to  thofe  of  the  declina- 
tion, for  finding  the  proportional  parts  of  the  difFerence  between  the  noon 
of  adjoining  days,  which  (hall  anfvvcr  to  any  intermediate  hours. 
Thus  in  the  Ex.  page  296.  To  find  the  pro.  pts.  of  58^  to  7h.  24m.  36 f. 
Nov/  |th  of  58^  is  14'  30^'' ;  which  falls  between  j\'  lo/'  and  14^  ip". 
And  the  time  7  h.  24  m.  36  f.  falls  between  7  h.  20  m.  and  7  h.  40  m. 
The  mean  of  the  equations  under  7  h.  20  m.  and  7  h.  40  m.  and  againft 
14''  %o"  and  14^  40^',  are  4'  26^^  and  4'  38'^,  their  diff.  is  \i" , 
And  20  :  12  :  :  4,6  :  2|  :  and  4^  26''''  +  2|=4'  28^  the  pro.  pts.  to  \  of 

Then  the  proportional  parts  to  58^,  are  17'  54^^. 

Again.    In  the  Exam,  above.    To  find  the  parts  proportional  to  3  m. 

57  f.  as  9  h.  30  m.  is  to  24  h. 

Here  3  m.  57  f.  being  taken  as  4m.  ;  and  4h.  40  m.  as  the  half  of  9  h.  30  m. 

The  equation  is  47^''  j  which  doubled  gives  \'  34^''  for  the  proportional 

parts  required". 

28^.   Vn.  Of  the  right  afcenfions  and  declinations  of  the  fixed 

^Stars,  (312) 

This  table,  which  contains  120  of  the  principal  fixed  flars,  viz.  60 
naving  north  declination,  and  60  with  fouth  declination,  are  fitted  to  the 
vcar  1780  ;  and  are  felecied  partly  from  the  catalogue  which  is  given  in 
fhe  Nautical  Almanac  for  1773,  ^^  deduced  from  Dr.  Bradley's  Obfer- 
varions  ;  and  partly  from  that  given  by  M.  de  La  Caille,  which,  he  fays, 
*•  arc  al)  derived  from  his  own  obfervations  made,  during  len  years  attcn- 
*'  tion  to  this  bufinefs,  either  at  Paris,  or  at  the  Cape  of  Good  Hope  ; 
*'  that  the  pofitions  are  afcertaincd  with  all  the  accuracy  that  could  be  de- 
*'  rived  from  the  modern  Allronomy  ;  and  that  he  had  all  proper  helps, 
'^  v/ith  regard  to  inflruments,  afliftaiits,  and  convenience,  and  neither 
"  care  or  pains  were  wanting  to  perfect  the  work. 

'*  The  right  alcenllons  were  determined  by  a  multitude  of  correfpond- 
*'  ing  altitudes  of  each,  taken  with  a  quadrant  of  three  feet  radius,  to  have 
'*  their  paflage  over  the  meridian  with  the  grcateil  exaclnefs.  Almoft  all 
*'  the  ftars  in  the  northern  hcmifpherc  have  been  compared  with  the 
**  bright  ftar  in  the  Harp;  and  thofe  in  tlie  fouthern  hcmifphere,  witJi 
*'  Syrius  ;  that  is  to  lay,  011  each  day  that  the  t^me  of  the  flat's  paffing 
*'  the  meridian  had  been  found  by  equal  akitudcs,  tliat  of  et  Lyras  and 
"  Svjius  were  found  in  like  m<!nn(r  -.  rl'.c  ri^'iit  afcenfions  of  thcfe  iv.'o 

*'  ilar>. 
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**  ftars  having  been  fettled  by  a  great  many  obfervatlons  taken  when 
**  they  were  in  the  propereft  fituation  for  this  purpofe. 

*'  The  declinations  have  been  deduced  from  a  fufficient  number  of 
*'  obfervations  of  their  zcr>ith  diftances,  taken  with  an  inftrument  of  Cut 
**  feet  radius,  made  with  great  care  for  this  purpofe." 

The  table  confifts  of  nine  columns ;  that  on  the  left  hand  contains  the 
name  of  the  conftellation  ;  the  next  fhews  in  what  part  of  the  conftella- 
tion  the  ftar  is  ;  in  the  3d  are  the  names  by  which  certain  ftars  are  dif- 
tinguifhed  ;  the  4th  column  fhews  the  Greek  characters  by  which  the 
ftar  is  marked  in  the  ccelcftial  charts,  or  maps  of  the  conftellations  ;  the 
5th  fliews  the  magnitude  of  the  ftars ;  the  6th  and  7th  contain  the  right 
afcenfion  in  time,  reckoned  from  Aries,  and  the  yearly  variation  in  right 
afcenfion  ;  the  8th  and  9th  contain  the  declinations  and  the  yearly  varia- 
tion in  declination  ;  where  thofe  which  are  marked  +  are  augmented  by 
the  yearly  variation  ;  but  thofe  which  have  the  mark  —  annexed,  are  to  be 
diminiftied  by  the  variation  :  by  the  help  of  thefe  yearly  variations  the 
right  afcenfions  and  declinations  of  thefe  ftars  may  be  fitted  for  any 
diftant  year. 

Precepts  for  finding  the  culminating  of  the  ftars  are  at  articles  133,  134. 

290.  VIII.  'Tables  of  the  Equatio'n  of  Time. 

In  page  318  are  three  tables,  articles  313,  314,  315  :  Article  313  is 
a  table  of  the  Sun's  right  afcenfion  in  degrees,  to  each  degree  of  longi- 
tude in  the  firft  quadrant  of  the  ecliptic  ;  and  alfo  the  differences  between 
thofe  longitudes  and  right  afcenfions.  The  table,  art.  314,  contains  the 
faid  differences  turned  into  time  (132),  of  minutes,  feconds,  and  the 
tenth  part  of  feconds  :  the  numbers  in  this  table  are  the  differences  be- 
tween the  mean  and  true  noons,  arifing  from  the  obliquity  of  the  ecliptic 
(267)  ;  and  the  table,  art.  315,  is  nothing  more  than  the  equations  of 
the  center,  table  art.  305,  converted  into  time  ;  and  are  the  diff^ereiices 
between  the  times  of  the  mean  and  true  noons,  arifing  from  the  eccen- 
tricity of  the  Earth's  orbit :  thefe  two  equations  of  time,  properly  put 
together,  conftitute  another  table,  art.  316,  of  the  abfolute  equation  of 
time  with  relation  to  the  place  of  the  Sun's  apogee. 

291.  To  conJlruSi  the  talk  316,  of  the  abfolute  Equation  of  Time. 

ift.  To  the  given  time  find  the  Sun's  true  place,  or  afflime  a  place, 

2d.  The  difference  between  that  place,  and  the  place  of  the  apogee, 
gives  the  Sun's  true  anomaly. 

3d.   From  the  true  anomaly  find  the  mean.  (294) 

4th.   In  table  I.  314,  feck  the  equation  of  time  to  the  Sun's  place. 

5th.  In  table  II.  315,  feek  the  equation  of  time  to  the  mean  ano- 
maly. 

6th.  The  fum,  or  difference  of  thefe  equations,  according  as  their 
titles,  or  figns  dirc<5l,  will  be  the  abfolute  equation  of  time  to  the  Sun's 
place  found  at  firft,  or  to  the  corrcfponding  time. 

The  tables,  articles  314,  315,  are  made  only  to  whole  degrees  of  lon- 
gitude and  anomaly;  the  proportional  p?.rts  of  the  diffcrencrs  arc  to  be 
taken  for  minutes  or  feconds,  above  whok  dc^^recs  of  tlic  Sun's  longitude 
aad  anomaly. 

292.  Ex.^.M. 
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392.  Exam.  I.  IfHjat  is  the  Equation  ofTimgy  when  the  Sun's  longitude 
hi*  i2*'f 

In  table,  art.  316,  againft  12°  in  the  outfide  column,  and  under  ni,  or 
f  f.,  ftands  —  16  m.  12  f. ;  which  fhews  that  16  m.  i2  f.  is  to  be  fub- 
tra<3cd  from  the  apparent  time  ;  to  give  the  mean  time  of  apparent  noon, 
or  the  time  which  fliould  be  fhewn  by  a  good  clock,  when  the  Sun's 
center  is  on  the  meridian. 

293.  Exam.  II.  JFhat  is  the  Equation  of  Time  when  the  Sun*s  longitude 
£j  4*  24°  30^42^'? 

The  difFerence  between  the  equation  in  table,  art.  316,  to  4'  24*  and 
4»  25°,  is  i3»  decreafing ;  and  30'  42^^=30,7''. 

Then  60'  :  30,7''  :  ;  13*  :  6,65  or  7',  the  proportional  part  decreafing. 
And  +  3  m.  46  f.  —  7  fl=r  +  3  m.  39  f.,  the  equation  fought. 
So  24  h.  the  apparent  time  of  folar  noon,  increafed  by  3  m.  39  f.  will 
give  the  mean  time  of  noon. 

If  the  time  was  given^  viz.  the  months  day^  hour,  &c.y  to  find  the  Equation, 

To  the  given  time  find  the  Sun's  longitude.  (278} 

Then  to  this  longitude  find  the  equation  of  time,  as  above. 

394.  To  find  the  mean  anomaly  from  the  true  being  given. 

Solution,  Say,  As  the  fquare  root  of  the  perihelion  diftance. 
To  the  fquare  root  of  the  aphelion  diftance  j 
So  the  tangent  of  half  the  true  anomaly. 
To  the  tangent  of  half  the  excentric  anomaly. 

And  As  radius,  to  the  fign  of  the  excentric  anomaly, 

So  the  degrees  in  an  arc  equal  in  length  to  the  eccen> 

tricity. 
To  the  degrees,  &c.  in  the  arc  of  corre£lion. 

The  corrediion  added  to  the  excentric  anomaly  gives  the  mean 
anomaly. 

295.  Remarks,  ift.  The  greateft  equation  of  the  center  being 
taken  at  I**  55^  39^^,  the  eccentricity  (249)  will  be  0,01682  j  the  aphe- 
lion diftance  will  be  1,01682,  and  the  perihelion  0,98318. 

Hence  the  ratio  of  the  fquare  root  of  the  perihelion  diftance  to  tlic 
fquare  root  of  the  aphelion  diftance  will  be  exprefled  by  the  logarithm 
0,00731  ;  which  conftant  logarithm,  added  to  the  logarithmic  tangent  of 
I  ihe  true  anomaly,  will  give  the  logarithmic  tangent  of  I  the  excentric 
anomaly. 

296.  2d.  In  the  2d  proportion,  the  arc  equal  to  the  length  of  the  ec- 
centricity 1682  is  a  conftant  quantity. 

Now  the  radius,  or  mean  diftance,  is  equal  to  the  length  of  an  arc 
of  57°^29578  (249)  ;  then  looooo  :  1682  :  :  57°,29578  :  0^,96375,  the 
length  of  the  eccentricity  in  degrees  ;  the  conftant  logarithm  of  which  is 
9,98396,  which  added  to  the  logarithmic  fine  of  the  excentric  anomaly, 
abating  lO  in  the  index  of  the  fum,  gives  the  logarithm  of  an  arc,  the  de- 
grees, minutes,  and  feconds  of  whifh  being  added  to  the  excentric  ano- 
maly, give  the  mean  anomaly, 
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297,  IX.  'Table  of  corre^ions  for  the  middle- time  between  equai 
altitudes  of  the  Sun,     Art.  317. 

This  table,  which  is  fitted  to  the  latitudes  of  30%  40%  50®,  and  60*, 
will  alfo  ferve,  nearly,  to  all  latitudes  between  25"^  and  65®;  by  entering 
the  table  with  the  neareft  latitude  to  that  given,  and  the  given  declina- 
tion in  degrees.     It  is  conftrudled  by  art.  216. 

Exam.  I.  In  latitude  50°  N.^  when  the  Sun's  declination  is  16^  AT., 
snd  the  interval  betzveen  the  morning  end  afternoon  obfervation  is  5  hours  : 
what  correSlion  muji  be  applied  to  the  middle  time,  to  give  the  time  of  appa^ 
r<nt  n9on  ? 


In  the  table,  art.  317,  againft  16*^  of  declination  taken  in  the  outfide 
column,  and  under  50*  latitude,  and  5  hours,  with  N.  declination,  ftand 
12  feconds  ;  which  12  f.  applied  to  the  middle  time  between  the  obfer\'a- 
tions,  give  the  time  when  the  Sun  was  on  the  meridian. 

The  correction  is  applied  to  the  middle  time  by  the  precepts  at  the 
bottom  of  the  table. 

298.  Exam.  II.  In  latitude  50*^  N.,  on  November  ibth,  176 1,  obferva- 
tions  at  equal  altitudes  of  the  Sun  were  taken  at  the  following  times  Jbewa  by 
«  clocky  the  equal  altitude  inflrument  having  three  horizontal  wires. 

Morning  obfervations.  Afternoon  obfervations. 

©  preceding  limb     O  following  limb  O  preceding  limb    G  following  limb 

9'>28"'5s"  9*'3;'"2ii"  ih46"43|"  i*^  53"' 30-r 

9    39    23f 


9    32    46? 

9    36.  44i 


»    50    53t 
1    54    56 


,  .--              9    43    30 
Now ^-^-^ ^—^ =11*'  45"'  7I 


1  57    28i 

2  I      20f 


9     32      46!  +1     57      28I    +12    _ 
2 

9    36    44f  +1    53    30I   +12 

1 =11    45    7i   j 

.      .     9    3>    2'i  +1    54    56     +12  ^ 

Again  ^ =11    45    8:^ 


the  meanm  i''  45'^ 
II    45     Iz     )' 7 >6"  by  the  preced- 
ing limb. 


9   39    23f  +J    50    53I   +12  _ 


9   43    30    +J   46    4^1  +12 


the  mean=:i  i**  ^s,^^ 
II     45    8j     ).  8"  by  the  following 
limb. 


=  11    45    61 


The  mean  time  of  obfervation  from  both  limbs  is  1 1  h.  45  m.  7, ST. 
The  declination  on  the  day  of  obfervation  is  19°  S.  nearly  ;  the  intcrvul 
between  the  obfervations  is  about  4  hours  j  and  thefe  give  -f  14  feconds 
for  the  correction  of  the  middle  time. 

So  the  Sun  was  on  the  meridian  when  the  clock  fhcwed  iih.  45m.  21, Sf. 
The  Sun's  place,  at  that  time,  was  7'  24°  26'  46''  nearly. 
In  table  316,  to  7'  24°  the  tabular  difference  is  12',  dccrcafnig. 

Then 
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Then  60' :  26,75'  :  :  12  f.  :  5,35  f. ;  and  +  14  m.  56  f.  —  5|f.  =  + 
14  m.  50}  f.,  which  is  the  equation  of  time  :  hence  1 1  h.  45  in.  21,8  f.  + 
r4m.  5o,6f.  =  i2h.  o  m.  12,4  f. 
Which  (hews  that  the  clock  was  12  f.,  nearly,  too  fall. 

299.  X.  tables  of  RefraSf  ion  and  cf  the  Sun's  parallax.  (318^319) 

Thefe  tables  are  the  refult  of  the  experience  of  fome  of  the  moft  emi- 
nent Aftronomers.  By  the  refradlion  of  the  atmofphere,  obje<5ls  appear 
more  elevated  than  they  really  are,  and  therefore  the  apparent  altitude  is 
to  be  diminiflied  by  the  refradlion,  which  is  greateft  near  the  horizon, 
and  gradually  diminiflies  towards  the  zenith,  where  there  is  no  refra<5tion. 
The  parallax  in  altitude  is  the  difference  between  the  altitude  of  an  ob- 
jedl,  as  feen  from  the  cente  rand  furface  of  the  Earth,  that  from  the  center 
being  the  true  altitude,  and  the  greateft,  except  at  the  zenith,  where  pa- 
rallax vanifties  j  therefore  the  apparent  altitude  is  to  be  augmented  by  the 
parallax. 

Exam.  The  Sun^s  apparent  altitude  was  obferved  to  be  18°  34''48''''j 
ivhat  was  his  true  altitude  ? 

Apparent  altitude  18°  34'  48^^  7  Refraaion  2'  \Y'  — 
Corredion  is  —  2  38     J  Parallax  9     -f 

»■  I         ■  III  I 

Sun's  true  altitude  18  32  10. 


«'■  \^"\f ■  V"  V  >••■'  ''y^** 

V  v  V  V  ""v 
/V"  VV'V'^ 
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300* 
ASTRONOMICAL    TABLES, 

Fitted,   in  general,   to  the  meridian   of  Greenwich. 


Art. 

I.  Meaii  motions  of  the  Sun  and  Apogee  for  years.  (301) 

II.  Mean  motions  of  the  Sun  and  Apogee  for  radical  years.  (302) 

III.  Mean  motions  of  the  Sun  for  hours,  minutes,  and  feconds.  (303) 

IV.  Mean  motions  of  the  Sun  and  Apogee  for  months  and  days.  (304) 

V.  Equations  of  the  Sun's  center.  (3^5) 

VI.  Sun's  declination  to  figns  and  degrees.  (306) 

VII.  Sun's  right  afcenfion  in  time  to  figns  and  degrees.  (3^7) 

VIII.  Sun's  longitude  to  each  day  for  the  years  1792,  1793, 

1794,  and  1795.  (308) 

IX.  Sun's  declination  to  each  day  for  the  fame  four  years.  (3^9) 

X.  Sun's  right  afcenfion  to  each  day  for  the  fame  four  years.  (310) 

XI.  To  fit  the  tables  VIII.  IX.  X.  to  any  meridian.  (311) 

XII.  Right  afcenfions  and  declinations  to  120  fixed  ftars.  (3^^) 

XIII.  Sun's  right  afcenfion  in  degrees,  &c.   to  figns  and  de- 

grees of  longitude.  (313) 

XIV.  Equation  of  time  on  the  obliquity  of  the  ecliptic.  (314) 

XV.  Equation  of  time  on  the  eccentricity  of  the  Earth's  orbit.  (315) 

XVI.  Abfolute  equation  of  time,  to  the  oun's  longitude.  (3^6) 

XVII.  Correction  of  the  middle  time  between  equal  altitudes.  (317) 

XVIII.  Correition  of  altitude  for  refra6lions.  (31^) 

XIX.  Corredlion  of  the  Sun's  altitude  for  his  parallax.  (319} 

The  tables  of  the  Sun's  place,  declination,  and  right  afcenfion,  are 
fitted  to  the  years  1792,  1793,  1794,  1795  j  and  will  ferve  in  moft  nau- 
tical operations  as  well  for  the  iour  years  preceding,  viz,  1788,  1789, 
1790,  1 791,  and  alfo  for  the  four  years  following,  viz.  1796,  1 797, 
1798,  1799,  as  is  mentioned  at  the  heads  of  ihofe  tables.  But  as  a 
Nautical  Almanack  is  publifhcd  yearly  under  the  direction  of  the  com- 
miflioners  of  longitude,  tlie  tables  contained  therein  Ihould  be  confulted 
in  cafes  where  the  utmofl  prccifion  is  neceiTary. 
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312.  Table  of  the  Right  Ascensions  and  Declinations  of  fixty 
Stars  in  the  Northern  Hemifphere  j  for  the  Year  1780. 




.     .1 

Names.         ^  -j 

2  Rt.Afccn.  1 

Var.l 

Dcclinat. 

V^carly 

Var. 

„     „  „    .         Places  of  the  Stars  in  tlu 
CooftdUtiQns.           Confteliations. 

?     in  time.    Var. 
"   h.    m.    f.       f. 

North. 
0     ,      „ 

Pegalus              Ending  ol  the  Wing 

y 

2    0      I    56 

3'<38^i3  57  36|2o,o44- 

Cafliioea            Breall                                 Scliedar             |tt| 

3    0  28     5= 

3,31,55    19  46119,91  + 

Polr  Star 

\lruccabah         a. 

2    0  47  43 

o,05|88     7  57119,69  + 

Andromeda       Girdle                               V 

Clir^ch                0 

2    0  57  29 

3.30134  26  56119,45  + 

Aries 

^receding  Horn 

g 

3    I  42  3- 

3,28  19  43   32!i8,!0  + 

An-it->mcda 

~oot 

\lmaach             y 

2    I   50  29 

3,62141    15  54!i7,8o  + 

Aries 

foUowrng  Horn 

a 

3    »   54  49 

3,3422  24  52  17,64+ 

Whale 

Following  in  tlic  Check 

y 

3    2  3'   56 

3,12    2  17  59  '5>^<'+ 

Jaw 

VIenkar              a. 

2    2  50  48 

3,13    3  12  5614,80+ 

VIedufa 

Head 

\lgol                  S 

2    2  S3  56 

3,8540     5  37  14.63  + 

Pcrfcus 

Brightfft 

\lgenib                a. 

2    3     ^  43 

4,2049     3  4413,72  + 

Taurus 

Brighleft  in 

'kiades                n 

3    3  34  27 

3,55123  24  38J 

12,00+1 

Pcrfcus 

<.nee 

£ 

3    3  43  oS 

3,94 

38  21  24 

11,41  + 

Taurus 

Firft  of  the 

hyades                y 

3    4     7  18 

3.39 

'5     4  5« 

9,60  + 

"Corthern  Eye 

t 

3    4  JS  45= 

3,4« 

18  40  32 

8,90  + 

Southern  Kye 

^Idcbaran           a 

I    4  23  19 

3,43 

16     3     6 

?,32  + 

Auriga 

In  the  Goat 

Capclla               a. 

I    5     0  28 

4,40 

45  44  48 

5,30  + 

Taurus 

Northern  Horn 

0 

2    5   12  24 

3,79 

28  24  13 

4,26  + 

Orion 

Weft  Shoulder 

BcUalrix              y 

2    5  13  21 

3,22 

682 

4,>5  + 

E.'.ft  Shoulder 

Betd{,uefe           a 

I    5  43  J6 

3,25 

7    20    56 

i,5«+ 

Auriga 

In  the  Hand 

e 

3    5  44  43 

4,09 

V  10  36 

1,40+ 

Gemini 

Foot  of  Pollux 

y 

3    6  25  Gc 

3,47 

16  34    9 

2,10— 

Knee  of  i'oUux 

K 

3    6  51     3 

3,58 

20  52  31 

4,33— 

Brighteil  in  the  Head 

Caftor                 a. 

2    7  20  33 

3,88 

32  21     8 

6,78— 

Littk  Dog 

hiij'.hteft 

I'rocyon               a 

I    7  27  4S 

3,20 

5  46  5^ 

7,40 — 

Gemini 

Head  of  Pollux 

Pollux                  iS 

2    7  31   51 

3,7  5 

28  32  29 

7,70— 

Great  Bear 

North  Paw 

( 

3    8  44     4 

4,25 

48  53  29 

1 3,00 — 

Cancer 

In  the  Claw 

Acubens             a. 

3    8  46  27 

3i24 

12  41  5s) 

13,30— 

Great  Bear 

Preccdini;  Knee 

9 

3    9   18     5 

4,23 

52  40  21 

15,18— 

Leo 

North  in  the  Head 

1" 

3    9  40   13 

3,47 

27     I   58 

16,33— 

In  the  Heart 

Regulus               0 

I    9  56  39 

3,24 

132     6 

17,16—' 

Great  Bear 

Lower  Pointer 

B 

2  10  48  27 

3,74,57  33  25 

19,05— 

Upper  Pointer 

Dub  he                 a. 

2  10  50     c 

3,88 

62  56  05 

19,09—, 

Leo 

In  the  Tail 

B 

2  II   37  50 

3,ic 

15  48     819,95—1 

Crcnt  B;:;r 

S  fillov/uijj  in  the  Square 

y 

2  II  42   10 

3>24 

54  55     4 '9,99— 

1 

!>:i!l  in  the  Squ.u; 

s 

2  12     4  27 

3,05 

58  15  2520,05— f 

Firll  ill  thf;  Tail 

Alioih                  £ 

2  12  44   17 

2,69  57     9  25 

19,69— 

MidJIe  ot  the  Tail 

K 

2  13   15     2 

2,+i;56    4  46 

19,01 — 

Dragon 

L,ii^  in  liic  Tail 

Bcnetnacli           « 

213   38  52 

2,41150  25  03 

18,24— 

In  the  Tail 

a 

2  13   58  27 

1*6365  25  54 

17,46— 

tlBootcs 

Skirt  ot  the  Coat 

Ardlurus              a 

i  '4     5  4c 

2,8220  20  39 

17,16—1 

tl 

I",  the.  folKiwinr  Thigh 

Mirach                  i 

3  14  35  28 

2,6328     0  37 

1  5,67— 

[[Crown 

The  brighceil 

Aiphacca             a 

215  25  2; 

2,54127  28  oc 
2,94    7     7  4? 

12,60 — 

||. Serpent 

In  the  Neck 

a 

2  15   33  ^' 

12,03— 

'  Hctcuks 

Preceding;  Shnulder 

B 

3  16  20  4; 

2,59|2i   53  52 

8,51  — 

|l 

I'.^llowi;);;  ;•:  thc  Side 

E 

3  '6  5«   5= 

2,29131    15  43 

5,96— 

li.    _. 

rh-  Hi  Kl 

Rnf.  Aigcthi       a 

2  '7     4  3^ 

2,74; '4  39  ^^ 

4,87- 

Oj.'hiucus 

The  Heal 

Rul.  Alhague     « 

2,  1 7  24  4: 

2,75i'2  44     8 

3,1  5— 

Di.-.gon 

In  ti-.e  Head 

Raitaberi              y 

2  17  5'   3 

1,37151   31  21 

0,78— 

;  ii.iii>  - 

The  brij;',  ,1 

Vega                     a. 

1    iS    29    2C 

)    2,0238  35  14 

2,52  + 

1- 

Following  1:1  Lozangc 

c 

3  iS  46  4c 

)    2,11.36  37  4S 

3>97  + 

1  Ei.le 

Preceding  Wing 

i 

-3    19    14    Zi 

\.     3,02|    2    41    22 

6,31  + 

• 

Th';  l.righteft 

Atair                   a 

219  40  0: 

-    2,9c    8  17  53 

8,40  + 

i  ^--'^^ 

ri-.c  Brc.l 

y 

3  20  14  2oi  2,i6|39  33  4" 

11,00  + 

1  ..    . 

JThe  Tail 

Ocncb                     a 

2  20   33    s( 

i    2,05,44  30     7 

12,44+ 

.LVpiiCUS 

Precfilirj  Shoulder 

Alderain:;n         i 

%  21    13   j( 

^    1,4^ 

^|6i   39  32 

'4,95  + 

,  i\i;  .fus 

I  he  N'cck 

'C 

3  22    30    2( 

)    2,q 

>\  9  41    i' 

18,46+ 

iwrhich 

«  rneWing 

Sch-.t                 t 

2  22    S3       i 

<    2,8 

M26  S3  32 

19,18  + 

'                                < 

Maikab 

2  22    53    4 

.    2,9 

V4     I   3^ 

19,20  + 

••'  '■"■■--/•'  . 

rhp  Hcnd 

a 

2*3     57 

5      3,07^27    52    22'20,05  +  i| 
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312.  TABLEofthe  Right  Ascensions  and  Declinations  of  fixty 
Stars  in  the  Southern  Hemifphere  j  for  the  Year  1780. 


Conftellations 

Places  of  the  Stars  in  the 
Con:lellations. 

Names, 

-■    era 

Rt.Afcen.jYear. 
in  time.  jVar. 

UecUnat. 
South. 

Yearly 
Var. 

i 

£ 

P 

h. 

m.  f. 

f. 

0 

/           // 

^ 

Phcnix 

The  Head 

a 

z 

0 

IS  22 

3,01 

4T 

29  43 

20,00— 

jWhale 

Erighteft  in  the  Tail 

& 

a 

0 

32  32 

3,01 

19 

II    50 

19,86— 

Phcnix 

Thigh 

0 

3 

0 

56  15 

2.73 

47 

54  58 

19^6— 

1 

Following  Wing 

y 

3 

I 

18  49 

2,67 

44 

26  52 

18,90  — 

■Erldanus 

Source  of  the  River 

Achernar 

a 

I 

1 

29  31 

2,25 

58 

21   35 

18,56— 

iWhale 

Preceding  Jaw 

J 

_3 

2 

28  13 

3.07 

0 

37  50 

1 6,00— 

Eridaniis 

Near  the  Whale 

^ 

3 

3 

5  '° 

2,9' 

~9 

38  55 

13,92— 

T!ic  following 

J 

3 

3 

3^  44 

2,88 

10 

31   30 

12,08— 

The  fourth  Bend 

'/ 

3 

3 

47  46 

2,80 

14 

8  47 

11,01 — 

Goldfifh 

In  the  Tail 

a 

3 

4 

29  15 

1,28 

55 

30  20 

7,76— 

Orion 

Bright  Foot 

Rigel 

B 

I 

5 

3  58 

2,85 

8 

28  11 

4,94— 

Preceding  in  Belt 

J 

2 

_S_ 

20  47 

3,07 

0 

28  40 

3.50— 

.  -    . 

Middle  of  Belt 

c 

2 

5 

25    4 

3,05 

I 

21   30 

3,13-: 

La  ft  in  the  Belt 

K 

2 

5 

29  41 

3>04 

z 

4  27 

2,77—: 

Dove 

Preccdingof  thebrighteft 

a 

2 

5 

31  43 

2,2c 

34 

12     6 

2,56— I 

Orion 

In  the  Knee 

X 

3 

5 

37  io 

2,85 

9 

45  35 

2,10—; 

Dove 

Following  of  brighteft 

s 

3 

5 

43   13 

2,11 

35 
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316.    Table  of  the  Abfolute  Equation  of  Time,  fitted  to 
each  Sign  and  Degree  of  the  Ecliptic. 
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B  O  O  K     VI. 

OF      GEOGRAPHY. 
SECTION      I, 


Def?jitions  and  Principles, 

I.  •^E  OGR  APHY  is  the  art  of  dcfcribing  the  figure,  magnitude, 
\J  and  pofitions  of  the  feveral  parts  of  the  furface  of  the  Earth. 

2.  The  Earth  is  a  fpherical  or  globular  figure  *,  and  is  ufually  called 
the  terraqueous  globe. 

3.  There  are  two  points  on  the  furfaceof  the  terraqueous  globe,  called 
the  Poles  of  the  Earth,  which  are  diametrically  oppofite  to  one  an- 
other ;  one  is  called  the  north  pole^  and  the  other,  the  Joutb  pole. 

*  For  in  fhips  at  lea  the  firll  parts  of  them  that  become  vifible  are  ih.e  up- 
per fails;  and  as  they  approach  nearer,  the  lower  fails  appear;  and  fo  on  until 
they  (hew  their  hulls. 

Alfo  Hiips  in  failing  from  high  capes,  or  head  lands,  lofe  fight  of  thofe  emi- 
nences gradually   from  the  lower  parts,  until  the  top  vanishes. 

Now  as  thefe  appearances  are  the  objefts  of  our  fenfes  in  all  parts  of  the 
Earth, 

Tliereforc  the  farface  of  the  Earth  muft  be  convex. 

And  this  convexity  is,  at  fea,  obferved  to  be  every  where  uniform. 

But  a  body,  the  forface  of  which  is  every  where  uniformly  convex,  ik  a  globe. 

Therefore  the  figure  of  the  li«rth  is  globular. 
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In  order  to  J<rrcribe  the  pofitions  of  places,  Geographers  have  found  Lt 
neccflliry  to  imagine  certain  circles  drawn  on  the  furface  of  the  Earth,  t3 
whjch  they  have  given  the  names  of  Equator,  Meridian,  Horizon,  P/a^ 
raJlels. of  latitude,  &c,  ■  ', 

4.  The  EqtTATOR  is  a  great  circle  on  the  Earth,  equally  diftant  frinv 
each  pole,  dividing  the  terraqueous  globe  into  twD  equal  parts  ;  one  called 
the  northern  hemifiihere^  in  which  is  the  north  pole ;  and  the  other,  con- 
taining the  fouth  pole,  is  called  the  fouihern  beviifphere. 

5.  KIeridians  are  imaginary  circles  on  the  Earth  pafling  through: 
both  the  poles,  and  cutting  the  equator  at  right  angles. 

Every  point  on  the  furface  of  the  Earth  has  its  proper  meridian. 

"6.  Latitude  is  the'  drflance  of  a  place  from  the  equator,  reckoned; 
in  degrees  and  parts  of  degrees  on  a  mei:idin4i. 

On  the  north  fide  of  the  equator  it  is  north  latitude ;.  and  on  -the  foutb 
fide  it  is  fouth  latitude. 

As  latitude  begins  at  the  equator,  where  it  is  hothhig  ;  fo  it  ends  at  the 
poles,  where  the  latitude  is  greateft,  or  90  degrees. 

7.  Parallels  of  Latitude  are  circles  parallel  to  the  equator. 
Every  place  on  the  Earth  has  its  parallel  of  latitude. 
Difference  of  Latitude  is  an  arc  of  a  meridian,  or  the  Icafl:  dif- 

tance  of  the  parallels  of  latitude  of  two  places  ;  fhewing  how  far  one  of 
shcm  is  to  the  northward,  or  fouthward,  of  the  other. 

The  difference  of  latitude  can  never  exceed  180  degress. 

8.  In  north  latitudes,  if  about  the  middle  of  the  months  of  March  and' 
Scptcn;bcr  a  pcifon  looks  towards  the  Sun  at  noon,  the  fouth  is  before 
h'.m,  the  north  behind,  the  weft  on  the  right  hand,  and  the  eaft  on  the 
left  :  and  in  fouth  latitudes,,  if  the  face  is  turned  toward  the  Sun  at  the 
fame  times,  the  north  is  before,,  the  fouth  behind,  the  eaft  to  the  right, 
and  the  weft  on  the  left. 

In  latitudes  greater  than  23!  degrees,.theie  poll cions,  found  at  noon,  will 
hold  good  on  any  day  of  the  year. 

0.  Lokgitude  of  any  place  on  the  Earth  is  exprefled  by  an  arc  of 
the  equator,  fliewing  the  eaft  or  weft  diftance  of  the  meridian  of  that 
place  from  fome  fixed  meridian,  where  longitude  is  reckoned  to  begin. 

10.  Difference  of  Longitude  is  an  are  of  the  equator,  inter- 
cepted between  the  meridians  of  two  places,  fliewing  hov/  far  one  of  them 
is  to  the  eaft  ward,  or  weftvvard,  of  the  other.  ' 

As  longitude  begins  at  the  meridan  of  fome  place,  and  is  counted  from 
thence  both  eaftvvard  and  weftvvard,  till  they  meet  at  the  fame  meridian 
on  the  cppofite  point  of  the  equator  >  therefore  the  difference  of  longitude 
can  ne\cr  exceed  180  degrees. 

11.  When  two  places  have  latitudes  both  north,  or  both  fouth  ;  or  have 
longitudes  both  eaft,  or  both  weft,  they  are  faid  to  be  of  the  fame,  or  of 
Jikc  name  :  but  when  one  has  north  latitude,  and  the  other  fouth;  or  if 
one  has  eaft  longitude,  and  the  other  weft,  then  they  are  faid  to  have  con- 
trary, or  difterent,  or  unlike  names. 

12.  The  Horizon  is  that  apparent  circle  which  limits,  or  bounds^ 
the  view  of  a  fpec'tator  on  the  lea,  or  on  an  extended  plain  ;  the  eye  of  the 
fpcclator  being  always  fuppofed  in  the  center  of  his  horizon,. 

When> 
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When  the  Planets  or  Stars  come  above  the  eaftern  part  of  the  horizon, 
they  are  faid  to  rife  j  and  when  they  defcend  below  the  weftern  part,  they 
are  faid  to  fet. 

When  a  fhip  is  under  the  equator,  both  the  poles  appear  in  the  horizon ; 
and  in  proportion  as  (he  falls  towards  either,  or  increafes  her  latitude, 
that  pole  is  feen  proportionally  higher  above  the  horizon,  and  the  other 
difappears  as  much  :  but  when  a  fhip  is  failing  towards  the  equator,  or 
decreafes  her  latitude,  fhe  deprefles  the  elevated  pole  ^  that  is,  its  diflrance 
from  the  horizon  decreafes. 

Of  the  divifton  of  the  Earth  into  Zdnet. 

13.  A  ZoKE  is  a  broad  fpace  on  the  Earth,  included  between  two  pa- 
rallels of  latitude. 

There  are  five  zones :  namely,  one  Torrid^  two  Frigid,  and  two  Tetn^ 
perate ;  thefe  names  arife  from  the  degree  of  heat  or  cold,  to  which  their 
fituations  are  liable. 

14.  The  Torrid  Zone  is  that  portion  of  the  Earth,  over  every  part 
of  which  the  Sun  is  perpendicular  at  one  time  of  the  year  or  other. 

This  zone  is  about  47  degrees  in  breadth,  extending  to  about  23!  de- 
grees on  each  fide  of  the  equator  ;  the  parallel  of  latitude  terminating  the 
limits  in  the  northern  hemifphere,  is  called  the  Tropic  of  Cancer;  and  in 
the  fouthern  hemifphere,  the  limiting  parallel  is  called  the  Tropic  of  Ca- 
pricorn. 

15.  The  Frigid  Zones  are  thofe  regions  about  the  poles,  where  the 
Sun  does  not  rife  for  fome  days,  nor  fet  for  feme  days,  of  the  year. 

Thefe  zones  extend  round  the  poles  to  the  diRance  of  about  23I  de- 
grees :  that  in  the  northern  hemifphere  is  called  the  north  frigid  zone, 
and  is  bounded  by  a  parallel  of  latitude,  called  the  Ar£iic  polar  circle :  and 
the  other,  in  the  fouthern  hemifphere,  the  fouth  frigid  zone ;  the  parallel 
of  latitude  bounding  it,  being  called  the  AntarSiic  polar  circle. 

1 6.  The  Temperate  Zones  are  the  fpaces  between  the  Torrid 
and  the  Frigid  zones. 

Of  the  divifton  of  the  Earth  by  CJimater.  ^ 

17.  A  Climate,  in  a  geographical  fcnfe,  is  that  fpace  of  the  Earth 
contained  between  two  parallels  of  latitude,  wbcn  the  difference  betvk'een 
the  longefl:  day  in  each  parallel  is  half  an  hour.;/ 

Thefe  climat:es  are  narrower  the  farther  they  are  from  .J,^e  equator ; 
therefore,  fuppofing  the  equator  to  be  the  beginning  of  the  firft  climate, 
the  polar  circle  will  be  the  end  of  the  24th  climate  ;  for  afterwards  the 
longeft  day  does  dot  increafc  by  half  hours,  but  by  days  and  months. 
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Of  the  natural  divijion  of  the  Earth* 

18.  By  the  natural  divifion  of  the  Earth  is  meant  the  parts  on  its  fur* 
f !ce  formed  by  nature ;  fuch  as  Conihieiits^  Oceans^  Ijlands^  Seasy  Rivers^ 
AfountainSy  &c. 

The  furfacc  of  the  Earth  is  naturally  divided  into  Land  and  Water; 

r  I.  Continents.  4.  Ifthmufes, 

Land  is  divided  into  ^  2.  Iflands.  5.  Promontaries, 

I  3.  Peninfulas.  6.  Mountains.  ' 

c  I .  Oceans.  4.  Straits. 

Water  is  divided  into -<  2.  Seas.  5.  Lakes. 

(  3.  Gulfs.  6.  Rivers. 

19.  A  Continent,  or,  as  it  is  frequently  called,  the  main  tand^  is  a 
rery  large  track,  comprehending  fevcral  contiguous  Countries,  King- 
doms, and  Statt!'. 

20.  An  Ocean  is  a  vaft  collection  of  fait  water,  feparatijig  the  conti- 
rjents  from  one  another. 

21.  Aii  li^i  AND  is  apart  of  dry  land,  furrounded  with  water. 

22.  A  Sea  is  a  branch  of  the  Ocean,  flowing  between  fome  parts  of 
the  Continent,  or  fcparating  an  Uland  from  the  Continent. 

23.  A  Kkninsula  is  a  part  of  dry  land  fncompalled  by  water,  except 
a  narrow  neck  which  joins  it  to  fome  other  land. 

24.  An  Isthmus  is  the  neck  joining  the  peninfula  to  the  adjacent 
land,  and  forms  the  paffage  between  them. 

25.  A  Mountain  is  a  part  of  the  land  more  elevated  than  the  adjacent 
country,  and  to  be  fecn  at  a  greater  diitance  than  the  neighbouring  lower 
lands. 

26.  A  Prctviontory  is  a  mountain  ftretihing  itfelf  into  the  fea  j  the 
extremity  of  which  is  called  a  Ca^e.^  or  Head-land. 

11.  h  HiLJL  is  a  fmall  kind  of  mountain  :  A  Cliff'  is  a  fleep  fiiore,  hill, 
*^r  mountain  :  And  Rccki  are  great  lloiies,  riling  like  hills  above  the  dry 
laiid,  or  above  the  bottom  of  the  fea. 

28.  A  C3UI  K,  or  Bay,  is  a  part  of  the  Ocean,  or  Sea,  contained  be- 
tween, twc^ijijiorts  :  and  is  every  where  environed  with  land,  except  at  its 
entrance,  vThere  it  communicates  with  other  Bays,  Seas,  or  Oceans, 

29.  A  Strait  is  a  narrow  palfage,  by  v'hich  there  is  a  communication 
between  a  Gulf  and  its  neighbouiing  fea,  or  which  joins  one  part  of  the 
ic:!,  or  ocean,  with  another. 

30.  A  Lake  is  a  colledHon  of  Waters  contained  in  fome  hollow  or 
c.i\  ity,  in  an  inland  place,  of  a  large  extent,  .-^nd  every  where  furrounded 
with  land,  having  no  vifible  conimunicarion  with  the  Ocean. 

31.  Rivers  are  ftrearns  of  Water,  flowiiig  chiefly  from  the  Moun- 
t.iin?,  and  running  in  long  narrow  channels,  or  cavities,  through  the  land, 
'till  tlkcy  fall  into  the  fea,  or  into  other  rivcis,  which  at  laft  nm  into  the 

fc3. 

32.  There 
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32.  There  are  generally  reckoned  four  Continents,  namely,  Europe, 
Asia,  Aprica>  and  America.  ' 

To  thefe  may  be  added  the  Terra  arSllca^  or  nothern  continent,  and 
the  Terra  antarh'ica^  or  lands  detached  from  Afia^  towards  the  fouth. 

The  continent  oi  America  is  ufually  divided  into  two  parts,  called  North 
and  South  America ;  they  are  joined  together  by  the  Ijihmus  of  D^r'ten^ 
Alfo  the  continents  of  Afia  and  Africa  are  joined  together  by  the  IjUmtn 
of  Sues. 

The  Terra  arSfica,  Europe^  and  AJia^  lie  all  within  the  northern  hemi- 
fphcre  ;  and  alfo  part  of  Africa  and  America :  'J'he  other  parts  of  thc-fe 
two  continents,  together  with  the  T^rra  antar^ica^  lie  in  the  fouthcru 
hemifphere. 

33.  There  are  five  Oceans,  namely,  the  Northern',  the  Atlan- 
tic, the  Pacific,  the  Indian,  and  the  Southern. 

The  Atlantic  ocean  is  ufually  divided  into  two  parts,  one  called  the 
ngrth  Atlantic  ocean ^  and  the  other  the  fouth  Atlantic,  or  Ethiopic  ocean. 

The  Northern  ocean  ftrctches  to  the  northward  of  Europe,  Ail.i,  and 
America,  towards  the  north  pole. 

The  Atlantic  ocean  lies  between  the  continents  of  Europe  and  Africa 
on  the  eaft,  and  America  on  the  weft. 

That  part  of  the  north  Atlantic  ocean,  lying  between  Europe  and 
America,  is  frequently  called  the  Wefiern  ocean. 

The  Pacific  ocean,  or,  as  it  is  fometimes  called,  the  South  Sea,  is  bounded 
by  the  wcftcrn  and  north-weft  fliorcs  of  America,  and  by  the  eaftern  and 
north-eall  fliores  of  Afta. 

The  Indian  ocean  waft^es  the  fhores  of  the  eaftern  coafts  of  Africa,  and 
the  fouth  of  Afta ;  and  is  bounded  on  the  eaft  by  the  Indian  iflands,  New 
Hoiiand,  and  New  Zeeland. 

The  Scuthern  ocean  extends  to  the  fouthward  of  Africa  and  America 
tov/ards  the  fouih  pole. 

The  northern  and  fouthern  continents  not  being  fufficlently  known  to 
Geographers,  all  that  net-d  be  faid  of  them  is,  that  the  Terra  ArcStica,  or 
land  to  the  northward  of  Iludtbn's  Bay  and  Greenland,  is  in  general  too 
cold  for  the  refidenee  of  mankind  •  and  that  the  lands  formerly  fuppofed 
to  be  parts  of  the  fouthern  continent,  are  found  to  be  very'largo  ifiands  ."• 
viz.  New  Zcland  is  much  larger  than  Great  Britain,  and  has  a  ftrait  di- 
viding it  into  two  ifiands.  New  Holland  is  an  ifland  as  large  as  Europe, 
New  Guinea  is  a  very  large  ifland  ;-  and  New  Britain  is  a  (jlufter  of  largo 
and  fmall  ifi,inds,  and  a»c  thought  by  foinc  tg  be  the  iflands  hitherto  called 
the  Solomon's  iflands. 
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SECTION      III. 
Of  the  Political  divifion  of  the  'Earth. 

34.  By  the  political  divifion  of  the  Earth  is  meant  the  different 
Countries,  Empires,  Kingdoms,  States,  -and  other  denominations  cfta- 
blilhed  by  men,  either  from  the  ambition  of  tyrants,  or  for  the  fake  of 
good  government, 

OF  EUROPE. 
Europe  is  bounded  on  the  north  by  the  northern,  or  frozen,  ocean  ;  on 
the  eaft  by  Afia  j  on  the  fouth  by  the  Mediterranean  Sea,  feparating 
Europe  from  Africa ;  and  by  the  north  Atlantic,  or  weftern  ocean,  on 
the  weft.  It  lies  between  the  latitudes  of  36  and  72  degrees  of  north 
latitude ;  and  between  the  longitudes  of  10  degrees  weft,  and  65  degrees 
caft  from  London  ;  is  about  3000  miles  long,  reckoning  from  the  N.  £. 
tp  the  S.  W.  and  about  2500  miles  broad. 

35.  The  countries,  their  pofition,  with  regard  to  the  middle  parts  of 
Europe,  the  chief  cities,  principal  rivers,  with  their  courfes,  and  the  moft 
noted  mountains,  and  what  quarter  of  the  country  they  are  in,  are  ex- 
hibited in  the  following  table  ;  where  E.  ftands  for  empire,  K.  for  king-, 
dom,  R.  for  republic,  Nd.  for  northward,  hsc. 


Countries. 

Pofuion. 

Chief  Cities. 

Rivers. 

Courfe. 

Mountains. 

E.  Turky 

s.  p. 

Conftantiiioplf 

Danube 

E. 

Argentum  Nd. 

K.  Poland 

Mid. 

Warfaw 

Viftula 

N.  N.  W. 

Carpathian  Sd. 

£.  Mufcovy  \ 
B.  Kuflia       5 

N.  E. 

\  Mofcovv 
\  Peterfburg 

Volga 

E.  to  S. 

Boglowy       Sd. 

Niaper 

s. 

Riphean     Wd. 

K*  Sweden 

N. 

Stcckholm 

Dalecarlia 

E. 

Dofrine      Wd. 

K.  Norway 

N.  N.W. 

Bergen 

Glama 

S. 

Dofrine       Ed. 

K.  Denmark 

xNf.  W. 

Copenhagen 

Eyder 

V7. 

K.  Hungary 

Mid. 

Prefburg 

Danube 

S.  E. 

CarpathianNd. 

E.  Germany 

Mid. 

Vienna 

Danube 

E. 

Alps             Sd. 

Italy 

S. 

Rome 

fPo 

i  Tyber 

E. 
S. 

Alps  Nd. 
ApennineMid. 

R.  Switzerland 

Mid. 

Bern 

Rkine 

W. 

Alps             Sd. 

Netherlandi 

w. 

BrufTels 

Maefe 

N. 

R.  Holland 

vv. 

Amfterdam 

Rhine 

N.  N.  W. 

K.  France 

w. 

Paris 

C  Loire 
}  Rhone 

N.  to  W. 
S. 

Pyrenees  S.  W. 
Alps            Ed. 

X.  Spain 

s.  w. 

Madrid 

Pagus 

w. 

Pyrenees  N.  E. 

K.  Portugal 

s.  w. 

Lifbon 

Tagus 

w. 

C.  Rocca     W. 

K.  England 

w. 

London 

Thames 

E. 

Malvern  N.W. 

K   Scotland 

vv. 

Edinburgh 

Forth 

E, 

Grampian  Nd. 

K.  Irelaad 

w. 

Dublin 

Shaunon 

S.  W. 

KnockpatiicW 

There  arc  in  Europe  four  Kingdoms  befide  thofe  enumerated  above  j 
but  they  are  contained  in  the  forenamed  Countries. 

The  Kingdom  of  Pruflla,  which  is  part  of  Poland  j  the  King's  refi- 
dcnce  is  at  Berlin,  a  city  in  Germany, 
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The  Kingdom  of  Bohemia,  a  partof  Germany ;  the  chief  city  is  Prague. 

The  Kingdom  of  Sardinia,  an  Italian  ifland  ;  the  King  refides  at  Tu- 
rin, a  city  in  Italy. 

i'he  Kingdom  of  the  Sicilies,  appending  to  Italy  ;  the  King  refides  at 
Naples,  a  city  in  Italy. 

In  fome  of  the  forenamed  countries  are  feveral  dominions  independent 
■one  of  the  other  ;  particularly  in  Germany  and  Italy. 

The  principal  ftates  in  Germany  are  the  following  I2  j  where  D.  ftands 
for  duchy,  El.  for  eledlorate,  P.  for  principality^. 

States       1    D.  Auftria    i  K.  Bohemia  |    EI.  Bavaria 


Ch. cities 


Vi 


ragi 


Munich 


El. Brandenburg 
Berlin 


States 
Ch. cities 


El.  Saxony 
Drefden 


El.  Hanover 
Hanover 


El.  Palatine 
Alanheim 


El.  Mentz, 

Alentz 


States 
Ch. cities 


El.  Triers 
Triers 


El.  Cologne 
Cologne 


P.HefTeCaflel 
CafTel 


D.Wurcembuf^ 
Stuto-ard 


The  principal  ftates.in  Italy  are  the  following  12. 


States       I    D.  Savoy 
Ch. cities  |    Chamberry 


P.  Piedmont 
Turin 


D.  Milanefe 
Milan 


D.  Parmefan 
Parma 


States 
Cli. cities 


D.Modenefe 
Mode  n  a 


D.  Mantuan 
Mantua 


R.  Venice 
Venice 


R.  Genoa 
Genoa 


States        j  D.    Eufcany 
Ch. cities  ]      Florence 


Patriarchate 
Rome 


R.  Lucca 

Lucca 


K.  Naples 

Naples 


36.  The  principal  Seas^   Gulfs  and  Bays  in  Europe,  are 

The  Mediterranean  Sea,  having  Europe  on  the  N.  and  Africa  on  the  S. 

The  Adriatic  Sea,  between  Italy  and  Turky. 

The  Euxlne,  or  Black  Sea,  in  Turky,  between  Europe  and  Afia. 

The  Ipy^ite  Sea,  in  the  N.  N.  W.  parts  of  Mufcovy. 

The  Baltic  Sea,  between  Sweden,  Denmark,  and  Poland. 

Tlic  German  Ocean,  or  Sea,  between  Germany  and  Britain.. 

The  Englijh  dhmnncl,  between  England  and  France. 

St.  George's  Channel,  between  Britain  and  Ireland. 

The  Bay  of  Bifcay,  formed  between  France  and  Spain. 

The  Gulf  of  B'jtbnia,  in  the  N.  E.  parts  of  Sweden. 

The  Gulf  of  Finland,  between  Sweden  and  Ru/Tia. 

The  Gulf  of  Venice,  the  N.  W.  end  of  the  Adriatic  Sea 

37.  The  principal  If  ands  in  Europe,  are 

The  Britifo  Ifes,  viz.  Great  Britain,  Ireland,  Orkneys,  and  Wcftern 
Ifles. 

The  Spanijh  Ifes ;   Majorca,  Aiinorca,  Ivica,  in  the  Medit.  Sea. 
Turkijh  Ifes ;  Sicily,  Sardinia,  Corfica,  Lipari,  in  the  Medit.  Sea. 
Italian  Ifcs  ;   Candia,  Archipelago  Ifles,  in  the  A'lcdit.  Sea. 
SweJiji)  Ifles  ;   Gothland,  Oeland,  Alan,  Rugen,  intlic  Baltic  Sea. 
Danifi)  Ifes  ;  Zeland  in  the  Baltic  Sea  ;  and  Iceland,  Faro  Ifles,  E.  and 

W.  Greenlands  in  the  Northern  ocean. 
.'li.oies  Ifes  la  the  Atlantic  ocean,  belonging  to  Portugal. 
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O  F     A  S  I  A, 

38.  The  continent  of  Afia  is  bounded  on  the  north  by  the  Northern 
or  frozen  ocean,  on  the  eaft  by  the  Pacific  ocean,  on  the  louth  by  the  In- 
dian ocean,  and  by  Africa  and  Europe  on  the  weft.  .  It  lies,  including  its 
Iflands,  between  the  latitudes  of  lO  degrees  fouth,  and  72  degrees  north  j 
and  is  between  the  longitudes  of  25  and  148  degrees  eait  of  London  ;  its 
length,  exclulive  of  the  ifles,  being  about  4800  miles,  and  breadth  about 
4300  miles. 

39.  The  pofitions  and  names  of  the  chief  countries,  cities,  rivers,  and 
mountains,  are  contained  in  the  following  table. 


Countries. 

Pofuion. 

ChiefCities. 

Rivers. 

Courfe. 

Mountains. 

f  Pekn 

Yellow  R. 

S.  to  E. 

Ottorocoran  Nd. 

E.  China 

S.E. 

4  N.-.nkin 

Kiaai 

E 

Daroafian  Wd. 

(_  Canton 

fa 

S.E. 

X.  Korea 

E. 

Kingkitau 

Yalu 

S. 

Shanalin 

ChinefcTartar)' 

E. 

Chynian 

Yamcur 

N.E.toE. 

Fongwanflian 

MoBgalia 

Mid. 

Kudak 

Yellow  R. 

N.  toW. 

K.  Thibet 

Mid. 

Eflcerdu 

Yaru 

E. 

Kantes 

Bukharia,  or 

ffbccs 

I-Mid. 

Samarkand 

Amu 

N.W. 

Belurlag 

Karazm 

Mid. 

Urjenz 

Amu 

S.  W. 

irder 

Kalmucks 

M(d. 

f'ekis 

Tubratubufluk 

E.  Siberia 

N. 

j  Toboliki 
(  Aftracan 

Oby 
jenifka 

N. 
N.N.W. 

Stojp 

E.  Turky 

w. 

Smryna 

tiuphrate; 

S.  E. 

Taurus                ' 

K.  Syria 

.    W. 

Aleppo 

Euphrates 

S. 

Lebanon 

Arabia 

s.  w. 

Medina 

Efuph  rates 

S.  E. 

Gabel  el  arcd 

E.  Perfia 

s. 

Ifpahan 

'  Oxus 
;  A raxes 

W. 

s.  vv. 

Caucafus 
Taurus 

India  Weft   of 

•:  s. 

Agra 

Indus 

s.  w. 

Caucafus 

the  Ganges 

Delli 

Ganges 

s.  w. 

Bal  agate 

f 

Ava 

Domea 

s. 

■J 

Irdia    Eaft   of 
the  Ganges 

Is. 

Pegu 
Siam 

Mccon 
Menan 

s. 
s. 

i  Damafcene 

l 

Cambodia 

Ava 

s. 

i 

Some  of  thefc  countries  contain  feveral  others. 


Afiatic  Turky  contains 
Countries 


Ch.  cities 


Georgia  N.  1  Turcomania  E. 

I      or  Armenia 
Tcfiis  I        Erzerum 


Countries  |  EyracaS.E.  j  Arabia defertS. 
Ch.  cities  1      Bagdat 


Curdiftan  E. 

or  AfTyria 

Betlis 


Natolia  W. 
Smyrna 


Diarbec  E. 
Moufol 


Syria  W. 
Aleppo 


Indi4 
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India  weft  of  the  Ganges  contains 

Countries  I  Indoflan       N. 


Northern 
Parts 


Ch.  cities     DelH 


Cambaya  S.    W. 
or  Gujarat 
Surat 


BengalaS.E. 
Patna 


Malabar 
Coaft 


Countries 


Ch.  cities 


Decan 

or  Vifapour 
Goa 


Bifnagar  W. 

or  Carnate 
CalcutandCochin 


Coromandel 
Coaft 


Countries 


Ch.  cities 


Bifnagar 
CarnatCjE.fide 
Madras 


K.  Goiconda 
Golcorda 


K.  Orixa 
Orixa 


India  eaft  of  the  Ganges  contains 
CountrieslK.  Ava  N.  W.iK.  Pegu 
Qh.  cities}     Ava |     Pegu 


WlK.SiamS.IK.  Malacca 
Si  am       i     Malacca 


CountrieslK.  Cambodia  S. 
Ch.  cities!      Cambodia 


K.  Cochin  China  E.jK.  Laos  N, 
Thoanoa  |  Lanchan 


K.  Tonquin  N.  E. 
Keccio 


40.  The  principal  Seas,  Gulfs  and  Bays  in  Afia^  are 

Cajpian  Sea^  quite  furrounded  by  Siberia  on  the  north,  Korazm  eaft,  by 

Ferfia  on  the  jbuth,  and  by  Georgia  on  the  weft, 
Korean  Sea^  between  Korea  and  the  iHands  of  Japan. 
7'ellow  Sea,  between  China  and  the  Japan  ifles. 
Gulf  of  Cochin  China,  on  the  borders  of  Tonquin  and  Cochin  China, 
Bay  of  Siam,  formed  by  the  countries  of  Siam  and  Malacca. 
Bay  of  Bengal,  between  India  eaft,  and  India  weft  of  the  Ganges. 
Gulf  of  Perfia,  having  Perfia  on  tl^e  N.  E.  and  Arabia  on  the  S.  W. 


41.  The  principal  Iflands  helonging  to  ^fia,  are 
Ladrone^  or  Marian  Ifles,  whofe  chief  illand  is  Guam. 

les        I  Japan  |  Bongo 

ities       I  Jeddo  |  Bongo 


oy  .       jfj      i  Ch.  ifles 
Japan  Ifles    •<  ^>,, 
->  ^       J        I  Ch.  citu 


Tonfa 
Ton  fa 


Philippines     j.^t"^"" 
^^           (  Ch.  cities 

Luconia 
Manilla 

Mindanao 
Mindanao 

Saniar 

r^i  ■     r   7/7     i  ^h.  ifles 
a.nef  Ifles  \  ^^^  ^^^.^^ 

Formofa 
Taywanfu 

Ainan 
Tan 

Makao 
Malcau 

Moluccos         \  ^J}-  '^" 
(  Ch.  cities 

Celebes 
Macaftcr 

Gilolo 

Gilolo 

Ceram 
Ambay 

^     J    m       S  ^h.  ifles 
^unda.fl^s     Ich.  cities 

Borneo                Sumatra 
Banjar                 Achin 

Java 
Batavia 

The  Andaman  Ifles  to  the  weft  of  Siam. 

tiicnbar  Iflands  weft  of  Malacca. 

Maldive  tflanih  to  the  S.  W.  of  Bifnagar. 
Thr  Ijlandof  Ceylon  S.  E.  of  Bifnagar;   ihc  elucf  ci.ty  is  Candy,  or 


Cundv  Uta. 
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42.  This  large  continent  is  a  peninfula,  joined  to  Afia  by  the  Ifthmus 
of  Suez.  On  the  N.  E.  it  is  fcparatcd  from  Afia  by  the  Red  Sea  ;  it  has 
the  Indian  Ocean  on  the  eaft,  the  Southern  on  the  fouth,  the  Atlantic  on 
the  weft,  and  the  Mediterranean  Sea  on  the  north,  which  feparates  it 
from  Europe.  ItJs  fituated  between  the  latitudes  of  37  degrees  N.  and 
35  degrees  S;  and  between  the  longitude  of  18  degrees  VV.  and  50  de- 
grees E.  from  London  ;  is  about  4300  miles  long,  and  4200  miles  broad. 

43.  The  pofitions  and  names  of  the  chief  countries,  cities,  rivers,  and 
mountains,  are  contained  in  the  foUowing  table. 


Ccnntries. 

Pofition.  Chief  Cities. 

Rivers. 

Courfe. 

Mountains. 

E.  Morocco 

N.  W. 

Fez 

Mulvia 

N. 

Atlas 

K    Algiers 

N. 

Algiers 

Saffran 

N. 

Atlas 

K.  1  unis 

N. 

Tunis        ' 

Megrada 

N. 

Atlas 

K.  Tripoli 

N. 

Tripoli 

Salines 

N.  E. 

Atlas 

K.  Barca 

N. 

Docra 

Mcies 

K.  Egypt 

N.E. 

Cairo 

Nile 

N. 

Gianadel 

E.  Abyflinia    7 
or  Ethiopia     J 

E. 

Ambamarjani 

Nile 

N. 

Ajan 

E. 

Adea 

Madadoxa 

S. 

Zanguebar 

E. 

Melinda 

Cuama 

E.S.E. 

Sofa!  a 

S.  E. 

Sofala 

Amara 

E. 

Amara 

Terra  de  Natal 

S.  E. 

Natal 

St.  Efprit 

E. 

Amara 

Cafraria 

s. 

Care  Town 

St.Chriftopher 

E. 

Table 

Mataman 

3.  S.W. 

Angri 

W. 

Sunda 

K.  Benguela 

S.S.W. 

Benguela 

Negros 

W. 

Sunda 

K.  Anf^ola 

S.  W. 

Loando 

Coanza    • 

W. 

Sunda 

K.  Congo 

S.  W. 

St.  SaK'ador 

Zaara 

s.  w. 

Sunda 

K.  Loango 

S.  W. 

Loango 

Zette 

s.  w. 

St.  Efprit 

Biafara 

S.  VV. 

Biafara 

Camerones 

8.  W. 

St.  Eiprit 

K.  Benin 

s.  w. 

Benin 

Formofa 

s.  W. 

Guinea 

s.  w. 

Cape  Coaft 

Volta 

S. 

Sierra  Leon 

Mandinga 

w. 

James  Fort 

Gambia 

W. 

C.  Veid 

Sanhaga 

w. 

Sanhaga 

Senegal 

N.  W. 

Biitiulgerid 

Mid.N. 

Dara 

Dara 

S. 

Atla  s 

^-3ra 

Mid. 

Zucnzega 

Nubia 

E. 

Nubia 

Mid. 

Nubia 

Nubia 

E. 

Negroland 

Mid. 

Toir.bute 

Niger 

W. 

Ethiopia  inter 

Mid. 

Chaxun'.o 

Niger 

W. 

Luna 

MonoDMipi 

Mid.  S. 

Merango 

Cuama 

E.S.E 

Luna 

E.Monomotapa 

Mid.  S. 

Morgar 

Amara 

S.  E. 

Amara 

Many  parts  of  the  cop.fls  of  Africa  are  fubjecl  to  the  European  nations  : 
Thus  the  Kingdoms  of  Algiers,  Tunis,  Tripoli,  Barca,  and  Egypt,  are 
either  fubject  to  the  Ottoman,  oi  I'ur.vifl:!  empire,  or  acknovvledge  them- 
fclves  under  its  protection. 
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Abyffinia  is  governed  by  its  own  Emperor. 

Ajan  or  Anian  is  peopled  by  a  few  wild  Arabs. 

In  Zanguebar  and  Sofala,  the  Portuguele  have  many  black  Princes 
tributary  to  them. 

Cafraria,  or  the  country  df  the  Hottentots,  belongs  to  the  Dutch. 

The  fea  coafts  of  Guinea  are  ufually  diflinguilhed  by  the  names  of  the 
Slave  Coajiy  Geld  Coa/fy  Ivory  Coaji^  Grain  Coaji,  and  Sierra  Leon.    . 

The  Englifh,  Dutch,  French,  Portuguele,  and  others,  have  feveral 
fettlements  along  thcfe  coafts,  and  even  many  miles  up  the  country,  par- 
ticularly the  Englifh  on  the  rivers  Gambia  and  Senegal. 

In  the  general  table  the  countries  are  taken  in  a  very  large  fenfe ;  for 
many  of  them  contain  a  great  number  of  ftates  independent  one  of  the 
Other,  the  particulars  of  Which  are  not  known  to  Geographers. 

44.  The  principal  Seas,  Gulfs,  and  Bays  in  Africa,  are 

The  Red  Sea,  between  Africa  and  Afia  :  It  wafhes  the  coaft  of  Ara- 
bia on  the  Afiatic  fide,  and  the  coafts  of  Egypt  and 
Abyflinia  on  the  African  fide. 

Mofamhiqne  Sea,  between  Africa  and  tlie  ifland  of  Madagafcar  caftward. 

Saldanna  Bay  in  Cafraria,  on  the  Ethiopic  Ocean.  ' 

Bight  of  Benin  on  the  coaft  of  Guinea,  in  the  Ethiopic  Ocean. 

45.  The  principal  African  Ijlands,  are 


Madeira  tjles 
Canary  iJJcs 
.    CVerdlJles 
Ethiopian  ijles 
Komora  ijles 
Sokotora  ijles 
Almirante  ijles 

The  ifland  of  Madagajcar,  one  of  the  largeft  in  the  world,  lies  in  the 
Indian  Ocean  :  It  is  divided  into  a  multitude  of  little  ftates  ;  feme  of 
them  formed  by  the  European  privateers,  and  their  fucceffbrs  defcended 
frum  a  mixture  with  the  natives. 

The  iflands  of  Bourbon  and  Mauritius  lie  in  the  Indian  Ocean,  to  the 
eaft  of  Madagafcar  :   thefe  belong  to  the  French. 

The  Madeiras,  and  Cape  de  Verd  Ifles,  belong  to  the  Pprtuguefe. 

The  Canary  Ifles  to  Spain  \  St.  Helena  10  England. 


.     Chief  ifle. 

Chief  Town. 

Situation. 

Madeira 

Funchal 

N.  Atlantic  Ocean 

Canaria 

Pal  ma 

N.  Atlantic  Ocean 

St.  Jago 

St.  Jago 

N.  Atlantic  Ocean 

St.  Helena 

Ethiopic  Ocean 

Johanna 

Demani 

Indian  Ocean 

Zocotora 

Calanfia 

Indian  Ocean 

But  little 

known 

Indian  Ocean 

O  F 
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46.  This  vaft  continent,  called  by  fome  the  new  world,  having  been 
difcovercd  by  the  Europeans  fince  the  year  1492,  is  ufually  divided  into 
two  pa.rts,  one  called  North,  and  the  other  South  America,  being  joined 
to  one  another  by  the  Ifthmus  of  Darien. 

North  America  lies  between  the  latitudes  of  10  degrees  and  80  de- 
grees north  ;  and  chiefly  between  the  longitudes  of  50  degrees  and  130 
degrees  weft  of  London ;  is  about  4200  miles  from  north  to  fouth,  and 
3bout  4800  from  eaft  to  weft.  It  is  bounded  on  the  caft  by  the  north 
Atlantic  Ocean,  by  the  Gulf  of  Mexico  on  the  fouth,  on  tlie  weft  by 
the  Pacific  Ocean,  and  by  the  Northern  continent  and  ocean  to  the 
northward. 

South  America  is  bounded  on  the  eaft  by  the  fouth  Atlantic  Ocean,  by 
the  Southern  Ocean  to  the  fouth,  by  the  Pacific  Ocean  on  the  weft,  and 
on  the  north  by  the  Caribbean  Sea.  It  lies  between  the  latitudes  of  12 
degrees  north,  and  56  degrees  fouth  ;  and  between  the  longitudes  of  45 
degrees  and  83  degrees  weft  from  London  ;  is  about  4200  miles  long, 
and  abouj:  2200  miles  in  breadth. 

47.  The  pofitions  and  names  of  the  chief  countries,  cities,  rivers,  and 
mountains,  in  North  America,  are  in  the  following  table. 


Countries. 

Pofition.   Chief  Cities. 

Rivers. 

Courfe. 

Mountains. 

California 

W. 

St.  Juan. 

New  Mexico 

S. 

Same  Fe 

N.  River  ^ 

S.  S.  E. 

Old  Mexico 

s.  w. 

Mexico 

Panuco 

E. 

Louifiana 

s. 

New  Orleans 

Mifliffipi 

S. 

Florida 

s. 

St,  Auguftine 

St.  John 

N.  to  E, 

Apalachian 

Georgia 

S.  S.  E.  Sivannah 

Alatamaha 

E.  S.  E. 

Apalachian 

Carolina 

S.  E.     Charles  Town 

Afhly 

S.  E. 

Apalachian 

Virginia 

E.        James  Town 

Powtomack 

S.  E. 

Apalachian 

Maryland 

E-         Annapolis 

Powtomack 

S.  E. 

Apalachian 

Penfylvania 

E.        Philadelphia 

Delawar 

S. 

Apalachian 

Jerfeys 

E.        New  York 

Albany 

S. 

New  England 

E.        BoHon 

Connedicut 

s. 

Nova  Scotia 

N.  E.     Halifax 

St.  John 

S.  S.  E. 

Ladies 

Canada 

Mid.      Quebec 

St.  Lawrence 

N.  E. 

New  Biitain 

N.  N.  E.  Fort  Rupert 

Rupert 

W. 

New  Wales 

N.        rVork  Fort 

Nelfon 

W. 

California,  Old  Mexico,  and  New  Mexico,  belong  to  Spain. 

Louifiana,  to  the  weft  of  the  river  Miffiffippi,  was  poffeiTcd  by  the 
French  at  the  end  of  t!ie  late  war  ;  but  is  now  transferred  to  Spain. 

All  the  other  countries  arc  in  the  hands  of  the  Ent^lifli, 
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in  South  America  the  pofition  and  names  of  the  chief  countries,  cities, 
livers,  and  mountains,  are  as  follow  '. 


Con'ntries. 

Pofition. 

Chief  Cities. 

Rivers. 

Courfe. 

Mountains. 

Terra  Firma. 

N. 

Panama 

Oronoque 

N.  E. 

Peru 

W. 

Lima 

Chuquimayo 

W.N.W. 

Andes 

Chili 

s.  w. 

St.  Jago 

Valparifo 

W. 

Andes 

Patagonia 

s. 

Defaguadero 

S. 

Andes 

La  Plata 

S.  E. 

Buenos  Ay  res 

La  Plata 

s. 

Andes 

Paraguay 

Mid. 

Affumption 

Paragaa 

s. 

Brafil 

E. 

St.  Salvador 

aio  Real 

N.  E. 

• 

Amazonia 

Mid. 

Amazons 

E. 

Guiana 

N.  E. 

Surinam 

Efquebe 

N.  N.  E. 

■ 

Terra  Firma,  Peru,  Chili,  La  Plata,  and  Paraguay,  are  in  thepofleffion 
of  the  Spaniards. 

Brafil  belongs  to  the  Portuguefe. 

Patagonia,  Amazonia,  and  Guiana,  are  poflefled  by  the  native  Indians, 
except  fome  parts  of  the  coalts  of  Guiana,  in  the  hands  of  the  Dutch  and 
French. 

48.  The  principal  Seas,  Gulfs,  and  Bays  in  America. 

The  Caribbean  Sea^  bounded  by  Terra  Firma  on  the  fouth,  and  a  rang« 

of  iflands  on  the  north  and  eaft. 
Gulf  cf  Mexico,  formed  by  Old  Mexico,  Louifiana,  and  Florida, 
Bay  of  Campeachy,  part  of  the  Gulf  of  Mexico,  on  tiie  Mexican  coaft. 
Bay  of  Honduras,  part  of  the  Caribbean  Sea,  next  to  Mexico. 
Bay  of  Panama,  in  the  Pacific  Ocean,  next  the  Ifthmus  of  Darien. 
Bay  of  California,  in  the  Pacific  Ocean,  having    "alifornia  on  the  weft. 
Bay  of  Fundy,  in  Nova  S«otia,  north  Atlantic  Ocean. 
Guf  of  St.  Laiorence,  in  the  North  Atlantic  Ocean,  bounded  by  Nova 
Scotia,  New  Britain,  and  fome  iflands  eaftward 
and  fouth-caftward. 
Iludfons  Bay,  between  New  Britain  E.  and  New  Wales  W. 

49.  The  chief  American  IfiaruU  in  the  Atlayitic  Ocean. 
Newfoundland,  und  Cape  Breton,  ealt  of  the  Gulf  of  St.  Lawrence. 
Bermudas,  or  Summer  Ifands,  caft  of  Carolina. 

Bahama  Ifcs,  fouth  calt  of  Florida. 

r  Cuba  ch,  town  fiavanna 

Great  Antillc>\  IlifpanioLi  ch.  town  St.  Domingo 

t  Jamaica     ch.  town  Kingfton 
Caribbcc  Ifes,  bounding  the  Caribbean  Sea  on  the  E.  and  N.  E. 
LrJJer  Antilles,  on  the  N.  N.  E.  of  Terra  Firma,  in  the  Carihbec  Sea. 
Terra  del  Fuego  on  the  fouth  of  Patagonia,  in  the  Southern  Ocean. 
Galiipago  JjJes,  lying  N.  W.  of  Peru  in  the  Pacific  Ocean. 


lying  E.  of  ihr 
Mexican  Gulf,  and 
N.  of  the  Car.  Sea, 
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SECTION       IV. 

Geographical  Problems. 

50.  P|LOBI,£JM  I.     Given  the  laihudds  of  two  places  : 

Required  their  difference  of  latitude. 


Case'I.  When  the  latitudes  of  the 
given  phces  have  the  fame  name  : 

Rule.  Subtra«ll  the  lefTer  latitude 
from  the  greater,  the  remainder  is 
the  difference  of  latitude. 

Exam.  I.  TVhat  is  the  difference  of 
latitude  between  London  and  Rome  ? 
London's  lat.  51®  32'N. 

Rome's  lat.  41    54  N. 


Diff.  lat. 


9    38 
60 

578  miles. 


Exam.  II.  What  is  the  difference 
cf  latitude  between  the  Lizard  and  the 
JJIand  of  Madeira  ^ 

Lizard's  lat.  49"  57'  N. 

Madeira's  lat.       32    36  N. 


DifF.  lat. 


17    zj  =  io4im. 


Exam.  III.  fp^^at  is  the  difference 
tf  latitude  between  the  I  (land  of  St. 
Helena  and  the  Cape  of  Good  Hope  f 

C.GoodHope'slat.  34®  29' S. 

St.  Helena's  lat.    15    55    S. 

D Iff.  lat.  18    34r=iii4m. 

Exam.  IV.  A Jhip  from  the  lati- 
tude of^-f  i?>'  N.  is  come  to  the  lat. 
cf  34°  49'  N.  Required  the  cliff,  of 
latitude. 

Lat.  from  43''  18' N. 

Lat.  in  34    49  N. 


CASElI.Whenthelatltudesofthe 
given  places  have  contrary  names  : 

Rule.  Add  the  latitudes  together^ 
and  the  fum  v^^ill  be  the  difference 
of  latitude. 

Exam.  I.  Required  the  diff.  of  lat, 
between  C.  Finijlerre  andC.St.Roque. 
C.  Finifterre  lat.      42°  57' N. 
C.  St.  Roquc  lat.       5    00  S. 


Diff.  lat. 


47    57 
60 

2877  miles. 


Exam.  II.  TVhat  is  the  difference 
of  latitude  between  the  Ifland  of  Bar- 
hadoes  and  C.  Negro  ? 

I.of Barbadoes'slat.  130  00'  N. 

C.  Negro's  lat.       16    30  S. 


Diff.  lat. 


29   30=  177cm. 


Exam.  III.  Required  the  diffe- 
rence  of  latitude  between  Cape  Horn 
and  Cape  Corientes  in  Mexico. 

Cape  Horn's  lat.  55°  59' S. 

C.  Corientes's  lat.  20    18  N, 


Diff.  lat. 


76 


Diff.  lat. 


8    29=50901. 


i7=4577m. 

Exam.  IV.  J  Jhip  from  the  lat. 
of  8°  28^  5.  hai Jailed  north  to  the 
lat.  6°  45''  A^.  Required  the  diff.  of 
latitude. 

Lat.  from  8°  28' S. 

Lat.  in  6    45  N. 


Diff.  lat. 


is    13—9131"' 


The  fituation  of  about  1500  particular  places  are  contained  in  a  Geo- 
graphical Table,  art.  137,  at  the  end  of  this  book  ;  vv^here  the  latitudes 
and  longitudes  of  places  arc  to  be  fought,  as  they  foUov/  in  alphabetical 
order. 

51.  Pro- 
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51.  Problem  II.     Given  the  latitude  of  one  place  end  the  ^fferenu  of 
latitude  between  it  and  another  place : 
Required  the  latitude  of  the  latter  place. 


Case  I.  When  the  given  latitude 
and  difference  of  latitude  have  the 
fame  name ; 

Rule.  To  the  given  latitude  add 
the  degrees  and  minutes  in  the  diiF. 
of  latitude,  that  fum  is  the  other 
latitude  of  the  fame  name. 


Exam.  I.  A Jhip  from  the  latitude 
of  38*  \6f'  N.  fails  north  till  her  dif- 
ference of  latitude  is  i  tP  32^  .*  fVbat 
latitude  is  fye  come  to  ? 

Lat.  from  38''  14'N. 

Diff.  lat.  12    32  N. 


Case  II.  When  the  given  lati- 
tude and  difference  of  latitude  have 
contrary  names  ; 

Rule.  Take  the  difference  be- 
tween the  >given  latitude  and  the 
degrees  and  minutes  in  the  diif.  of 
latitude,  the  remainder  is  the  dthwr 
latitude,  of  the  fame  name  with  the 
greater. 

Exam.  I.  J  Jhip  from  the  latitude 
of  38°  14^  N.  fails  fouth  till  her  dif- 
ference of  latitude  is  il°  32^ :  What 
latitude  is  Jhe  come  to  ? 

Lat.  from  3S®  i^N. 

Diff.  lat.  12    328. 


Lat.  in 


50    46  N. 


Exam.  II.  yf  Jhip  from  the  ijland 
cf  Afcenfion  runs  fouth  till  her  diff. 
of  latitude  is  5'  37^  ;  Wlmt  is  the 
prefent  latitude  of  the  Jhip  ? 

\.  Afccnfion's  lat.  7*  59'  S. 

DifF.  lat.  5     37  S. 


Ship's  lat. 


13     36  S. 


Exam.  III.  A  Jhip  from  the  ijland 
6f  Madeira  fails  N.  b']  Smiles  :  What 
lat.  is  Jhe  in  ? 

I.  Madeira's  lat.  32"^  36' N. 

Diff.  lat. -^  (1.  22)- 1 1     15  N. 


Lat.  in 


25    42  N, 


Exam.  II.  A  Jhip  from  the  ijland 
of  Afcenfion  runs  north  till  her  diff.. 
lat.  is  5**  37^ :  JVhcit  is  the  prefent 
latitude  of  the  Jhip  P 

I.  Afcenfion's  lat.  7°59'S. 

Diff.  lat.  5    37  N, 


Ship's  lat. 


22  S. 


60 


Ship's  lat. 


43     SI   N. 


Exam.  IV.  Tljree  days  ago  we 
vjere  in  the  latitude  of  the  Cape  of 
Good  Hope.,  and  have  run  each  day 
92  miles  direSfly  S.  IVhat  is  our  pre- 
fent latitude  ? 

C.  Good  Hope's  lat.        34°  29' S, 

Diff.  lat.  ^^^(L  22)=   4    36  S. 


60 
Ficfent  latitadt 


39    o>   S. 


Exam.  III.  A  foip  from  Sierra 
Leon  fails  S.  839  7niles  :  What  latir- 
tude  is  Ji)e  in  ? 

Sierra  Leon's  lat.  8'  30'  N. 

Diff.  lat.-^(I.  Z2)  =  i3    59  S,- 


Ship's  lat. 


5  ^9  s; 


Exam.  IV.  Fcur  day:  ago  ive 
were  in  the  latitude  of  the  ijland  of 
St.  A''Iatthe'Wy  and  Jailed  due  north  6 
miles  an  hour  :  What  latitude  is  thf 
Jhip  in  s' 

St.  Matthew's  lat.  i*  23'S. 

6x24x4,,       .  -  -, 


Diff.  lat. 


bo 

Sliip'i  latiiude 


8    13  N, 


52.  Prov 
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52.  Problem.  III.     Given  the  longitudes  of  two  places : 

Required  their  difference  of  longitude. 
Rule.  If  the  longitudes  are  of  the  fame  name,  their  difference  is  the 
difference  of  longitude  required. 
But  if  the  longitudes  are  of  different  namesj  their  fum  gives  the 

difference  of  longitude. 
And  if  this  fum  exceeds  180  degrees,  take  it  from  360  degrees,  and 
there  remains  the  difference  of  longitude. 
Exam.  I.  Required  the  difference]     ExAM.  IV.  Required  the  difference 
tif  longitude  between  London  and  Na-  of  longitude  between  St.  Chrijlopher' i 


pies? 
London's  long. 
Naples*  long. 

t)iS.  longitude 


oo' 

14 


00' 

19  E. 


H 
60 

859 


^9 


and  Cape  Negro. 

St.  Chriflopher's  long.  62"  54'  W. 
C.  Negro's  long.  11    30  E. 


Diff.  longitude 


74   24 
60 

4464  miles. 


'ExAVl.ll.  A Jhip  in  longitude  I \°  Exam.  V.  A  Jhip  in  longitude 
45^  W.  is  bound  to  a  port  in  longitude  140°  2.0'  JV.  is  bound  to  a  place  in 
48"  iS'tir^/?;  What  diff .  of  longitude  longitude  139°  1$'  E.  what  diff.  of 


ihujl Jhe  make? 
Ship's  long. 
Long,  bound  to 


48 


45' W. 
i8  W. 


Diff.  longitude        -   33   33 
60 

2(013  miles. 


longitude  muji  Jhe  make  ? 

Ship's  long.  140**  20' W< 

Long*  bound  to  139    25  E. 


Diff.  longitude 


279 

360 

55 
00 

80 

05 

Exam.  III.  iVhat  is  the  difference  Exam.  VI.  What  is  the  difference 
of  longitude  between  Cape  Gardafuir  of  longitude  between  Cape  Horn  and 
and  Cape  Comorin  ? 

C.  Gardafuir's  long.     50*^  25' E. 

C.  Comorin's  long.      78    17  E. 

Diff.  longitude 


27    52 
60 

1672  miles. 


Manila  ? 

Cape  Horn's  long. 
Manila's  long. 


67°  26'  W. 
120   2;   E, 


Diff.  longitude 


187   5» 
360  00 

172   09 


Sometimes  the  diff.  Ion.  between  two  places  is  cflimated  by  the  diff.  of 
time,  allowing  an  hour  to  every  15  degrees  of  longitude,  and  one  min.  of 
time  for  every  15  min.  of  a  deg.  or  a  deg.  for  every  4  min.  of  time. 

Exam.  At  b  h.  48^.  P.  M.  having  ohferved  at  fea  a  certain  appearance 
in  the  heavens^  which  I  knew  %vai  feen  the  fame  infiant  at  3  h.  I^m.  P.  M, 
in  London  :  Required  the  diff,  longitude  betivecn  the  places  of  obfervationi 
From      6h.  48  m.  3  h.  =:  45  deg. 

Take     j 3^  13  m.  =:     3   15' 

Remain 


^ \ji  =  diff.  time. 


Sum     4815  rrD'iff.  long. 


And  becauie  the  hour  of  appearance  at  LondoR  was  leafl,  therefore  I  know 
tnyfclf  to  be  to  the  eaftward  of  London,  53.  Pro- 
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53.  Problem  IV.    Given  the  longitude  of  one  place,  and  the  difference 
of  longitude  between  that  and  another  : 
Required  the  longitude  of  the  fecond  place* 

RuitE.  If  the  given  longitude  and  difference  of  longitude  are  of  a  con- 
trary name,  their  difference  is  the  longitude  required  j  and  i» 
of  the  fame  name  with  the  greater. 

But  if  the  given  longitude  and  difference  of  longitude  are  of  the  fame 
name,  the  fum  is  the  longitude  fought,  of  the  fame  name  with 
the  given  place. 

And  if  the  fum  is  greater  than  180  degrees,  take  it  from  360  de- 
grees, remains  the  longitude  required,  of  a  contrary  name  to 
that  of  the  given  place. 


Exam.  I.     y! JI/ip  fro7n  the  Ion 
gitude  of  lfl°  \lf  E.  fails  weflward 
until  her   difference   of  longitude  is 
I S"^  \l' '  frhat  is  her  prefent  longi- 
tude ? 


Ship's  Iqrfgitude 
Dilf.  long. 

Pref.  long. 


IS 


12'  E. 

47  W. 


25 


E. 


Exam.  II.  J  Jlnp  from  Cape 
(Iharles  in  Firginia  fails  eaflxvard 
until  Jhe  has  altered  her  longitude  11^ 
53'  ;   IVhat  longitude  is  Jhe  in  ? 

C.  Charles's  long.         76°   07'  W. 

DifF.  long.  22     53  E. 


Ship's  long. 


53     HV^' 


Exam.  III.  Four  da)-s  ago  I  de- 
parted from  C.  St.  Sebajiian  in  Ala- 
Jiigafcar,  and  I  have  made  each  day 
"] ^  miles  of  eaji  longitude:  Required 
the  longitude  the  Jhip  is  in  ? 

75 

4  C.  Sebaf.  long.  49*'    13'  E. 
— -  DifF.  long.  5     CO  E. 

6,0)30,0  - 

——— Ship's  long.         54     13   E. 


Exam.  IV.  A  Jhip  from  Cap^ 
Finijlerre  fails  weflward,  and  finds 
Jhe  has  altered  her  longitude  5^7 
miles  :  IVliat  longitude  is  Jhe  arrived 
in  ? 

C.  Flnlflerre's  long. 

60     , 


DiiF.  Ion. 


9°    36'  W. 
9     47  V^^- 


Long. 


19     23  W. 


Exam.  V.  A Jnp  from  Cape  St. 
Lucar  in  California  has  ?nad^  87° 
1  8^  cfzvefi  longitude  :  What  longitude 
is  Jhe  in  '^ 

C.  St.  Lucar's  long.     109*^   4'/  W. 

Diff.  long.  87     18  W. 


196     58  W. 
360     00 


Ship's  longitude  163     02    E. 

Exam.  VI.  Seven  du)s  ago  my 
longitude  was  172'^  17'  tV.  and  I 
have  made  each  day  1^2  miles  of  weji 
Lngitudc :  Required  7ny  prejeut  lon^ 
? it  tide  ? 


132 

7 

6,0)92,4 
IS  24 


Departed  long.  172*    r/'W. 
Diff.  long.  15      24  W. 


I  i.  7     4 1 

360      CO 


Prefent  long,     xz     19   E. 
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S  E  C  T  I  O  N      V.  * 

C4.  Of  the  Ufe  of  the  Globes* 

By  th«  globes  are  here  meant  two  fplicrical  bodies,  called  the  Ter* 
reftrial  and  Cclertial  Globes,  the  convex  furfaccs  of  which  are  fuppofcd  to 
to  ^ivc  a  true  rcprcfentation  of  the  earth  and  heavens. 

The  Terrestrial  Globe  has  delineated  on  its  convexity  the  whole 
furtaceof  the  earth  andyi-a  in  their  relative  fize,  form,  and  fituation. 

The  Celestial  Globe  has  drawn  on  its  furface  the  images  of  the 
feveral  conftellations  and^flars  ;  the  relative  magnitude  and  pofition  which 
the  liars  are  obfcrvcd  to  have  in  the  heavens,  being  preferved  on  this 
globe. 

The  globes  are  fitted  up  with  certain  machinery,  by  means  of  which  a 
great  variety  of  ufeful  problems  arc  neatly  folved. 

The  Brazen  Meridian  is  that  ring,  or  hoop,  in  which  the  globe 
hangs  on  its  axis  ;  which  is  reprefented  by  two  wires  pafling  through  its 
poles.  This  circle  is  divided  into  four  quarters,  of  90"  each  ;  in  onefemi- 
circle  the  divifions  begin  at  each  pole,  and  end  at  90%  where  they  meet : 
In  the  other  fcmicirclc,  the  divifions  begin  at  the  middle,  and  proceed 
thence  tov/ards  each  pole,  where  they  end  at  90  degrees.  The  graduated 
fide  of  this  brazen  circle  ferves  as  a  meridian  for  any  point  on  the  fur- 
face  of  the  earth,  the  globe  being  turned  about  till  that  point  comes  un- 
der the  circle. 

The  Hour  Circle  is  a  fmall  circle  of  brafs,  which  is  divided  into  24 
hours,  the  quarters  and  half  quarters.  It  is  fixed  on  the  brazen  meridian, 
equally  diftant  from  the  north  end  of  the  axis,  to  which  an  index  is  fitted, 
that  points  out  the  divifions  of  the  hour  circle  as  the  globe  is  turned  about. 

The  Horizon'  is  reprcfented  by  the  upper  furface  of  the  wooden  cir- 
cular frame  encompafling  the  globe  about  its  middle.  On  this  wooden 
frame  is  a  kind  of  perpetual  calender,  contained  in  feveral  concentric 
circles  :  The  inner  one  is  divided  into  four  quarters,  of  90  degrees  each  j 
the  next  circle  is  divided  into  the  twelve  months,  with  the  days  in  each 
according  to  the  new  ftyle  ;  the  next  contains  the  12  equal  figns  of  the 
zodiac,  each  being  divided  into  30  degrees :  the  next  is  the  1 2  months  and 
days  according  to  the  old  ftyle ;  and  there  is  another  circle,  containing 
the  32  winds,  with  their  halves  and  quarters.  Although  thefe  circles  are 
on  all  horizons,  yet  their  difpof.tion  is  not  always  the  fame. 

The  Qi'ADRANT  of  Altitude  is  a  thin  ftreight  flip  of  brafs,  one 
edge  of  which  is  graduated  into  90  degrees  and  their  quarters,  equal  to 
tho(c  of  the  meridian.  To  one  end  of  this  is  fixed  a  brafs  nut  and  fcrew, 
by  which  it  is  put  on,  and  faftcned  to  the  meridian  :  and  if  it  is  fixed  to 
the  zenith,  or  pole  of  the  horizon,  then  the  graduated  edge  reprefents  a 
vertical  circle  pafling  through  any  point. 

Kefides  thefe,  there  are  feveral  circles  defcribed  on  the  furfaces  of  both 
clobes  ;  fuch  as-riie  equinoctial,  ecliptic,  circles  of  longitude  and  right 
afccnfion,  the  tropics,  polar  circles,  parallels  of  lat.  and  dccl.,  on  the  ce- 
lellial  globe-,  and  on  the  terreflrial,  the  equator,  ecliptic,  tropics,  polar 
circles,  parallels  of  latitude,  hour  circles,  or  meridians  to  every  15  degrees, 
and  thcfpiral  rhumbs  flowing  from  ffVcr.U  centers,  called  P^lics. 

55.  PRO. 
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j5.  P  R  O  B  L  E  M     I. 

To  find  the  latitude  and  lo7igitude  of  any  place  on  the  terrejlrial  globe, 

I  ft.  Bring  the  given  place  under  that  fide  of  the  graduated  brazen  meri- 
dian where  the  degrees  begin  at  the  equator,  by  turning  the  globe  about. 
2d.  Then  the  degree  of  the  meridian  over  it  fhews  the  latitude. 
3d.  And  the  degree  of  the  equator  under  the  merid.,  fhews  the  long. 

On  fome  globes  the  longitude  is  reckoned  on  the  equator  from  the 
meridian  where  it  begins,  eaftv/ard  only,  until  it  ends  at  360°  :  On  fuch 
globes,  when  the  Ipngitude  of  a  place  exceeds  180°,  take  it  from  360, 
and  call  the  remainder  the  longitude  v/eftward. 

56.  PROBLEM     II. 

To  find  any  place  on  the  globe,  the  latitude  and  lojtgitude  of  which  are  given, 

ift.  Bring  the  given  longitude,  found  on  the  equator,  to  the  meridian. 
2d.  Then  under  the  given  latitude,  found  on  the  meriuian,  is  the  place 
fought. 

57.  P  R  O  B  L  E  M    III. 

To  find  the  dijhince  and  bearing  of  any  tzvo  given  places  on  the  globe. 

ift.  Lay  the  graduated  edge  of  the  quadrant  of  altitude  over  both 
places,  the  beginning,  or  a  degree,  being  on  one  of  them,  and  the  de- 
grees between  them  fhevv  their  diftance  ;  thefc  degrees  multipled  by  60 
give  fea  miles,  and  by  70  give  die  diflance  in  land  miles  nearly  ;  or 
multiplied  by  20  give  leagues. 

2d.  Obfcrve,  v/hilc  the  quadrant  lies  in  this  pofition,  what  rhumb  of 
the  nearcft  fly,  or  conipai'-.,  runs  moftly  parallel  to  the  edge  of  the  qua-* 
drant,  and  that  rhumb  fhcv.'S  the  bearing  fought,  nearly, 

58.  P  R  O  B  L  E  M     IV. 

To  find  the  Sun's  place  and  d&cHnaiion  on  any  day, 

ift.  Seek  the  given  day  in  the  circle  of  months  on  the  horizon,  and 
right  againft  it  in  the  circle  ot  figns  is  the  Sun's  place. 

Thus  It  will  be  found  that  the  Sun  enters 
The  fpring  fiigns,  Aries,     March  ?.c.  Taurus,  April  20.  Gemini,  May  21. 
The funimer figns, C-dnccr.  June      21.  Leo,        July    23.  Virgo,     Aug. 23. 
Autumnal fi^ns,    Librn,     Sept.     22.  Scoipio,  Oct.  23.  Sagittar.  Nov.22. 
The  winter fignr,  C:ipi[c.  Dec.     21,  Aquarius, Jan.  20.  Pifces,     Feb.  18. 

2d.  Seek  the  Sun's  place  in  the  ecliptic  on  the  globe,  bring  that  place 
to  the  meridian,  and  the  divifion  it  ftands  under  is  the  Sun's  declination 
on  the  given  day. 

On  the  globes,  the  ecliptic  is  readily  diOinguifhed  from  the  equator, 
not  only  by  the  diHcrent  colours  they  arc  ftaiiK.-d  with,  but  alfo  by  the 
ecliptic's  approaching  towards  the  pole?,  after  its  interfection  with  the 
equator.  The  marks  of  tlie  figns  are  alfo  put  along  the  ecliptic,  one  at 
the  beginning  of  every  fucccfnve  30  degrees. 

B  b  2  59.  PRO* 
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59.  P  R  O  B  L  E  M    V. 

To  rtilify  the  globe  for  the  latitude ^  zenith^  and  noon. 

if}.  Set  the  globe  upon  an  horizontal  plane  with  its  parts  anrwering  tor 
thofc  of  the  world  ;  move  the  meridian  in  its  notches,  by  raifmg  or  de- 
prefling  the  pole,  until  the  degrees  of  latitude  cut  the  horizon ;  then  is 
the  globe  rectified  for  the  latltltude. 

2d.  Reckon  the  latitude  from  the  equator  towards  the  elevated  pole, 
there  fcrew  the  bevil  edge  of  the  nut  belonging  to  the  quadrant  of  alti- 
tude, and  the  rcdlification  is  made  for  the  zenith. 

3d.  Bring  the  Sun's  place  (found  by  the  laft  problem)  to  the  meridian, 
fet  the  index  to  the  xii  at  noon,  or  upper  xii,  and  the  globe  is  redlified 
for  the  Sun's  fouthing,  or  noon. 

60.  P  R  O  B  L  E  M     VI. 

71?  find  where  the  Sun  is  vertical,  at  any  given  time,  in  a  given  place. 

ifl;.  Bring  the  Sun's  place,  found  for  the  given  day  (58),  to  tlie  meri- 
dian, and  note  the  degree  over  it. 

2d.  Bring  the  place,  for  which  the  time  is  given,  to  the  meridian,  and 
fct  the  index  to  the  given  hour. 

3d.  Turn  the  globe  till  the  index  comes  to  12  at  noon,  then  the  place 
under  the  faid  noted  degree  has  the  Sun  in  the  zenith  at  that  time. 

4th.  All  the  places  that  pafs  under  that  degree,  while  th«  globe  is 
turned  round,  will  have  the  Sun  vertical  to  them  on  that  day. 

6r.  P  R  O  B  L  E  xM    VII. 

7"?  /fid  en  ivhat  days  the  Sun  will  be  vertical,  at  any  given  place,  in  the 
torrid  %onc. 

liK  Note  the  latitude  of  the  given  place  on  the  meridian. 

2d.  Turn  the  globe,  and  note  what  two  points  of  the  ecliptic  pafs  un- 
der the  latitude  noted  on  the  ineridian. 

3d.  Seek  thofe  points  of  the  ecliptic  in  the  circle  of  figns  on  the  ho- 
rizon, and  ri^ht  againft  thcni,  in  the  circle  of  months,  ftand  the  days  re- 
quired. 

In  this  manner  it  will  be  found,  that  the  Sun  will  be  vertical  to  the 
I  Hand  of  St.  Helena  on  the  6th  of  November,  and  on  the  4th  of  February, 
And  at  Baibadoes  on  the  24th  of  April,  and  the  i8th  of  Auguft. 

62.  P  R  O  B  L  E  M     VIII. 

At  any  ghcn  lour  in  a  given  place,  to  find  uhat  hour  it  is  in  any  othe^ 
place. 

ifl.  Bring  the  place  where  the  time  is  given  to  the  meridian,  and  fet 
the  index  to  the  given  hour. 

?.d.  Bring  the  other  given  place  to  the  meridian;  and  the  index  fhcws 
the  liour  correfpording  to  the  given  time, 

63.  P  R  O^ 
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63.  PROBLEM      IX. 

At  any  given  time  to  find  all  thofe  places  of  the  Earth  where  the  Sun  is 
thm  rifing  or  fetting,  and  where  it  is  mid-day  or  midnight. 

Find  the  place  where  the  Sun  is  vertical  at  the  given  time  (60),  rectify 
the  globe  for  the  latitude  of  that  place,  and  bring  it  to  the  meridian. 

Then  all  thole  places,  that  are  in  the  weftern  half  of  the  horizon,  have 
the  Sun  rifing  ;  and  thofe  in  the  eaflern  half  have  it  fetting. 

Thofe  under  the  meridian,  above  the  horizon,  have  the  Sun  culminating, 
or  noon  ;  and  thofe  under  the  meridian,  below  the  horizon,  have  midnight. 

Thofe  above  the  horizon  have  day  j  thofe  below  it  have  night. 

64.  PROBLEM     X. 

Tc  find  the  angle  of  pofition  of  two  places^  or  the  angle  made  by  the  meridian 
of  one  place ^  and  a  great  circle  pajfing  through  both  places. 

Rectify  for  the  latitude  of  one  of  the  given  places,  and  bring  it  to  the 
meridian  ;  there  fix  the  quadrant  of  altitude,  and  fet  its  graduated  edge  to 
the  -other  place  :  then  will  that  edge  of  the  quadrant  cut  the  horizon  in 
the  degree  of  pofition  fought. 

Thus,  the  angle  of  pofition  at  the  Land's  End  to  Barbadoes  is  fouth 
'j\Y'  wellerly  :  but  the  angle  of  pofition  at  Barbadoes  to  the  Land's  End 
is  north  37!  degrees  cafterly. 

Hence  neither  of  thofe  pofitions  can  be  the  true  bearing  ;  for  the  rhumb 
paOing  through  both  places,  will  be  oppofite  one  way  to  what  it  is  the 
other. 

65.  PROBLEM    XI. 

The  latitude  of  any  place  not  within  the  polar  circle  being  given ^  to  find  the 
time  of fun-rifing  and  fetting^  and  the  length  of  the  day  and  night. 

Redify  for  the  latitude  and  the  noon  ;  bring  the  Sun's  place  to  the 
eaftcrn  fide  of  the  horizon,  and  the  index  fliews  the  time  of  rifing  ;  the 
Sun's  place  being  brought  to  the  weflcrn  fide  of  the  horizon,  the  index 
gives  the  fetting. 

Or,  the  time  of  rifing  taken  from  12  hours  gives  the  time  of  fetting. 

The  time  of  letting  being  doubled  gives  the  length  of  the  day. 

And  the  time  of  riiing  being  doubled  gives  the  length  of  the  night. 

Thus,  at  London,  on  April  i5tii,  the  day  is  13^  lioars  j  tlie  night  lOf 
hours. 

66.  PROBLEM     XII. 

To  find  the  length  f  the  hngefl  and  fi^ortejl  days  in  any  given  place. 

Redify  for  ths  latitude  ;  bring  the  folflitial  point  of  tnat  hcmifphere 
to  the  cailcrn  part  of  the  horizon,  fet  the  index  to  12  at  noon,  turn  the 
globe  till  the  ioKtitial  point  comes  to  the  weftern  iide  of  the  horizon, 
the  hours  palt  over  by  the  index  give  the  length  of  the  longcil  liay,  or 
iiij^ht ;  and  its  complcnicm  to  24  hours  gives  the  length  oi  the  Ihortclt 
night,  or  day. 

13  b  3  67.  P  R  O- 
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67.  PROBLEM    XIII. 

A  place  being  given  In  either  frigid  or  frozen  zone,-  to  find  the  time  when 
the  Sun  begins  to  appear  at,  or  depart  from,  that  place :  alfo  how  many  fuC" 
ceffive  days  he  is  prcfent  to,  or  ahjent  from,  that  place. 

RecEtify  for  the  latitude,  turn  the  globe,  and  obferve  what  degrees  in 
the  firft  and  fecond  quadrants  of  the  ecliptic  arc  cut  by  the  north  point  of 
the  horizon,  the  latitude  being  fuppofed  to  be  north. 

Find  thofe  degrees  in  the  circle  of  llgns  on  the  horizon,  and  their  cor- 
refponding  days  of  the  month  ;  and  all  the  time  between  thofe  days  the 
Sun  will  not  fet  in  that  place. 

Again.  Obferve  what  degree  in  the  third  and  fourth  quadrants  of  the 
ecliptic  will  be  cut  by  the  fouth  point  of  the  horizon,  and  the  days  an- 
iwcring  :  then  the  Sun  will  be  quite  abfent  from  the  given  place  during 
the  intermediate  days  ;  that  day  in  the  third  quadrant  fhews  when  he  be- 
gins to  difappear  ;  and  that  in  the  fourth  quadrant  fhews  when  he  begins 
to  fhine  in  the  place  propofed. 

Thus  at  the  North  cape,  in  lat.  71",  the  Sun  never  fets  from  May  15 
to  July  28,  which  is  74  days;  and  never  rifes  from  November  16  to 
January  24,  which  is  69  days. 

68.  PROBLEM    XIV. 

To  find  the  antceci,  pcrlazci,  and  antipodes  of  any  place. 

Bring  the  given  place  to  the  meridian,  tell  as  many  degrees  of  latitude 
on  the  contrary  fide  of  the  equator,  and  it  gives  the  place  of  the  antaeci ; 
that  is,  of  thofe  who  have  oppofite  feafons  of  the  year,  but  the  fame  times 
of  the  day. 

The  given  place  being  under  the  meridian,  fet  the  index  to  12  at 
noon,  tun;  the  globe  until  the  index  points  to  12  at  night,  and  the  point 
under  the  meridian  in  the  given  latitude  is  the  place  of  the  pcriceci  ;  that 
is,  of  thofe  who  have  the  fame  feafons  of  the  year,  but  oppofite  times  of 
the  day. 

The  globe  remaining  in  this  pontion,  feek  on  the  contrary  fide  of  the 
equator  for  the  degrees  of  latitude  given,  and  the  point  under  the  meri- 
dian, thus  found,  v.ill  be  the  antipodes  to  the  given  place;  that  is,  there 
the  feafons  of  the  year  and  limcs  of  the  day  are  directly  oppofite  to  thofe 
of  the  given  place. 

69.  PROBLEM     XV. 

To  find  the  hr^hmin^  and  end  of  the  tivilight  in  any  place. 

Rcciiiy  the  globe  fur  the  latitude,  zenith,  and  noon.  (59) 

Seek  the  point  of  the  ccii[/Lic  opi?of!te  to  the  Sun's  place,  turn  the 
globe  and  quadrant  of  altitude,  till  the  laid  oppofite  point  of  the  ecliptic 
liands  againil:  18  degrees  on  the  quadran.t  of  altitude;  then  will  the  in- 
dex flievv  the  beginning  or  end  of  the  twilight;  that  is,  the  beginning 
n\  the  morning,  v.'hen  thofe  points  meet  in  the  wellern  hemifphere  ;  or 
the  end  in  the  evening,  v.'hen  the  laid  poirfts  meet  in  the  eaflern  he- 
niilphcre. 

,      70.  P  R  O- 
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70.  PROBLEM     XVI. 

*rhe  latitude  of  a  place  and  day  of  the  month  being  given,  to  find  the  Sun's 
declination,  jneridian  altitude^  right  afcenfion,  amplitude,  oblique  afcenfiouy 
qfcenfional  difference  ;  and  thence  the  time  of  rifmg-,  fetting,  length  of  the  day 
and  night* 

Redify  for  the  latitude  and  noon.     Then, 

The  degree  of  the  meridian  over  the  Sun's  place  is  the  declination. 

The  meridian  altitude  is  fhewn  by  the  degrees  the  Sun  is  above  the 
horizon  ;  and  is  equal  to  the  fum  or  difF.  of  the  co-lat.  and  decl. 

The  Sun's  right  afcen.  is  that  degree  of  the  equator  under  the  meridian. 

Bring  the  Sun's  place  to  the  eaftern  part  of  the  horizon.     Then, 

The  amplitude  is  that  degree  of  the  horizon  oppofite  the  Sun. 

The  oblique  afcenfion  is  that  degree  of  the  equator  cut  by  the  horizon. 

The  afcen.  difF.  is  the  diiF.  between  the  right  and  oblique  afcenfions. 

The  afcen.  difF.  converted  into  time,  will  give  the  time  the  Sun  rifes 
before  or  after  the  hour  of  fix,  according  as  his  amplitude  is  to  the  north- 
ward or  fouthward  of  the  eaft  point  of  the  horizon. 

91.  PROBLEM     XVII. 

Given  the  latitude  of  the  place  and  day  of  the  month,  to  find  the  Sun's  al- 
titude and  azimuth,  either  when  he  is  due  eafl  or  wefi,  at  6  o'clock,  or  at  any 
other  hour  while  he  is  above  the  horizon. 

Rciftify  the  globe  for  the  latitude,  zenith,  and  noon. 

Sei  the  quadrant  of  altitude  to  the  eaft  point  of  the  horizon,  turn  the 
globe  till  the  Sun's  place  comes  to  the  quadrant's  edge,  and  it  (hews  th^ 
altitude,  his  azimutli  being  now  90°,  and  the  index  fhevvs  the  hour. 

Turn  the  globe  till  the  index  points  at  6,  there  ftay  it,  and  move  the 
quadrant  until  its  edge  cuts  the  Sun's  place  ;  then  the  degrees  at  the  Sua 
fhew  its  altitude,  and  the  degrees  cut  by  the  quadrant  in  the  horizon 
fhew  the  azimuth,  reckoning  from  the  north. 

In  like  manner,  the  globe  being  turned  till  the  index  is  againft  any 
other  hour,  fuppofc  10  in  the  forenoon  ;  then. 

The  graduated  edge  of  the  quadrant  of  altitude  being  turned  to  cut 
the  Sun's  place,  will  give  both  the  altitude  and  azimuth  at  that  time. 

-2.  PROBLEM     XVIIL 

/ 

Given  the  latitude,  day  of  the  monthy  and  Suns  altitude,  to  find  the  azi- 

7nuth  and  hour  of  the  day. 

Recftify  the  globe  for  the  latitude,  zenith,  and  noon. 

Turn  the  globe  and  quadrant,  until  the  Sun's  place  coincide  with  the 
altitude  on  the  graduated  edge  of  the  quadrant. 

Then  will  that  edge  of  the  quadrant  cut  the  degrees  of  azimuth  on  the 
horizon,  reckoned  from  the  north  j  and  the  index  will  flicvv  the  hour  of 
clic  day. 
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73.  PROBLEM    XIX. 

ITo  reprefitit  the  appearance  of  the  heavens  at  any  time  in  a  given  place* 

Retflify  the  ccleftial  globe  for  the  latitude,  zenith,  and  noon,  and  turn 
the  globe  till  the  index  points  at  the  given  hour.     Then, 

The  Itars  in  the  eaftern  half  of  the  horizon  are  rifing  ;  thofe  in  the 
vveftern  are  fctting  :  and  thofe  on  the  meridian  are  culminating. 

The  quadrant  being  fet  to  any  given  ftar  will  (hew  its  altitude,  and  2.% 
the  fame  time  its  azimuth,  reckoned  on  the  horizon. 

Now  by  turning  the  globe  round  it  will  readily  appear,  what  flars  never 
fet  in  that  place,  and  what  never  rife  :  thofe  of  perpetual  apparition 
never  go  below  the  horizon,  thofe  of  perpetual  abfence  never  come 
above  it. 

74.  P  R  O  B  L  E  M    XX. 

To  find  the  latitude  and  longitude  ofanyjiar. 

Put  the  center  of  the  quadrant  of  altitude  on  the  pole  of  the  ecliptic^ 
and  its  gr.iduated  edge  on  the  given  ftar.     Then, 

The  latitude  is  fliewn  by  the  degrees  between  the  ecliptic  and  ftar. 
The  longitude  is  the  degrees  cut  on  the  ecliptic  by  the  quadrant. 

75.  PROBLEM     XXL 

To  find  the  decli-nation  and  right  afcenfion  of  ajlar. 

Bring  the  ftar  tp  the  meridian,  the  degree  over  it  is  the  dpclination  ;  and 
the  degpje  cf  the  equato.r  under  the  meridian  is  the  right  afcenfion. 

76.  PROBLEM    XXIL 

On  any  day.,  and  in  any  given  place-^  to  find  ivhcn  a  propofedjlar  rifes,  fets^ 

cr  culminates.  » 

Re£lify  the  globe  for  the  latitude  and  noon. 

Bring  the  ftar  to  the  eailern  fide  of  the  horizon,  an^  the  index  fliews 
the  time  of  its  rifing. 

Turn  the  globe  tiil  the  ftar  comes  to  the  meridian,  and  the  indeji  fhews 
the  time  of  its  culminating  ;  and  in  like  manner  when  it  fets,  the  time 
will  be  flicwn  by  the  index. 

Its  meridian  altitude,  oblique  afcenfion,  and  afcenftonal  differencej  are 
found  in  the  fame  manner  as  for  the  Sun,  at  art.  70. 


SECTION 
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SECTION      VI. 
Of  Winds, 

77.  A  Fluid  is  a  body,  the  particles  of  which  readily  give  way  to  any 
imprefled  force  j  and  by  this  readinefs  of  yielding,  the  particles  areealily 
put  into  motion. 

Thus,  not  only  liquids,  but  flreams  or  vapoi^s,  fmoke  or  fumes,  and 
others  of"  the  like  kind,  are  reckoned  as  fluids. 

From  all  parts  of  the  Earth  vapours  and  fumes  are  conftantly  arifing  to 
fome  diftance  from  its  furface. 

This  is  known  by  obfervation  j  it  is  caufed  chiefly  by  the  heat  of  the 
Sun,  and  fometimes  by  fubterraneous  fires  arifing  from  the  accidental 
mixing  of  fome  bodies. 

78.  Air  is  a  fine  invifible  fluid  furrounding  the  globe  of  the  Earth, 
and  extended  to  fome  miles  above  its  furface. 

The  Atmosphere  is  that  colledlion  of  air,  and  of  bodies  contained  in 
it,  which  circumfcribes  the  Earth. 

79.  From  a  multitude  of  experiments,  air  is  found  to  be  both  heavy  and 
fpringy. 

By  its  weight  it  is  capable  of  fupporting  other  bodies,  fuch  as  vapours 
and  fumes,  in  the  fame  manner  as  wood  is  fupported  by  water. 

By  its  fpringinefs  or  elafticity  a  quantity  of  air  is  capable  of  being  ex- 
panded, or  of  Spreading  itfelf  fo  as  to  fill  a  larger  fpace  *  ;  and  of  being 
comprefied  or  confined  in  a  fmaller  compafs  f . 

80.  Air  is  comprefi^d  or  condenfcd  by  cold,  and  expanded  or  rarefied 
by  heat. 

This  is  evident  from  a  multitude  of  experiments. 

An  alteration  being  made  by  heat  or  cold  in  any  part  of  the  atmofphere, 
its  neighbouring  parts  will  be  put  in  motion,  by  the  endeavour  which  the 
air  always  makes  to  reftore  itfelf  to  its  former  Irate. 

For  experiments  fhcvv,  that  condenfed  or  rarefied  air  will  return  to  its 
natural  flate,  when  the  caufe  of  that  condcnfation  or  rarefadlion  is  re- 
moved. 

81.  Wind  is  a  flream  or  current  of  air  which  may  be  felt ;  it  ufually 
blows  from  one  part  of  the  horizon  to  its  oppofite  part. 

82.  The  horizon^  befide  being  divided  into  360  degrees,  like  all  other 
circles,  is  by  mariners  fuppofed  to  be  divided  into  four  quadrants^  called 
the  north-caft,  north-welt,  fouth-eaft  and  fouth-well  quarters;  each  of 
thefc  quarters  they  divide  into  eight  equal  parts,  called  points,  and  each 
point  into  four  equal  parts,  called  quarter-points. 

So  that  the  horizon  is  divided  into  32  points,  which  are  called  rhumbs.^ 
or  winds  ;  to  each  wind  is  afligned  a  name,  which  fhews  from  what  point 
of  the  horizon  the  wind  blows. 

The  points  of  North,  South,  Eaft,  and  Weft:,  are  called  cardinal 
points  ;  and  are  at  the  diftancc  of  90  degrees,  or  8  points,  from  one  an- 
other. 


*  Near  14000  times.     /-/a/Z/j's  Hydrof.  p.  13. 
t  Into  the  ,V  part.     I'hil.  Tranf.  N°  iSi. 

^3.  Winds 
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J??.  Winds  are  either  coiiftant  or  variable,  general  or  particular. 

Conjiant  winds  are  fuch  as  blow  the  fame  way,  at  leaft  for  one  or  more 
days  >  and  variable  w'lnlh  are  fuch  as  frequently  fhift  within  a  day. 

A  rcntral  ivind  is  that  which  blows  the  fame  way  over  a  large  trail  of 
the  Earth,  almoft  the  whole  year. 

A  particular  wind  Is  that  which  blows  in  any  place,  fometimcs  one 
way,  and  fometimcs  another,  indifferently. 

if  the  wind  blows  gently,  it  is  called  a  breeze  ;  if  it  blows  harder,  it 
Is  called  a  gale,  or  a  flift'  gale  j  and  if  it  blows  very  hard,  it  is  called  a 
ftorm  ♦. 

84.  The  following  obfervations  on  the  wind  l^ave  been  made  by  fVilU 
ful  feamen ;  and  particularly  by  the  great  Dr.  Halley. 

10.  Between  the  limits  of  60  degrees,  namely,  from  30°  of  north  lati- 
tude to  30°  of  fouth  latitude,  there  is  a  conftant  eafterly  wind  throughout 
the  year,  blowing  on  the  Atlantic  and  Pacific  Oceans  j  and  this  is  called 
the  trade-wind. 

For  as  the  Sun,  in  moving  from  eafl:  to  weft,  heats  the  air  more  im- 
mediately under  him,  and  thereby  expands  it ;  the  air  to  the  eaftward  is 
conftantly  rufhing  towards  the  weft  to  reftore  the  equilibrium,  or  natural 
ftate  of  the  atmofphere  ;  and  this  occafions  a  perpetual  eafterly  wind  in 
thofe  latitydes. 

2d.  The  trade-winds  near  the  northern  limits  blow  between  the  north 
ajid  eaft  i  and  near  the  fouthern  limits  they  blow  between  the  fouth  and 
eaft. 

For  as  the  air  is  expanded  by  the  heat  of  the  Sun  near  the  equator ; 
therefore  the  air  from  the  northward  and  fouthward  will  both  tend  to- 
v/ards  the  equator  to  reftore  the  equilibrium.  Now  thofe  motions  from 
the  north  and  fouth,  joined  with  the  foregoing  eafterly  motion,  will  pro- 
duce the  motions  oblerved  near  the  faid  limits  between  the  north  and  eaft, 
and  between  the  fouth  and  eaft. 

3d.  Thefe  general  motions  of  the  wind  are  difturbed  on  the  continents, 
and  near  their  coafts. 

For  the  nature  of  the  foil  may  caufe  the  air  to  be  either  heated  or 
cooled ;  and  hence  will  arife  motions  that  may  be  contrary  to  the  fore- 
going general  one. 

4th.  In  fome  parts  of  the  Indian  ocean  there  are  periodical  winds, 
caKed  Monsoons  ;  that  is,  fuch  as  blow  one  half  the  year  one  v^ay,  and 
the  other  half-year  the  contrary  way. 

For  air  that  is  cool  and  denfe,  will  force  the  warm  and  rarefied  air  in 
i  continual  ftream  upward?,  where  it  muft  fpread  itfelf  to  preferve  the 
equilibrium  :  So  that  the  upper  coiirfe  or  current  of  the  air  fhall  be  con- 
trary to  the  under  current  •  for  the  upper  air  muft  move  from  thofe  parts 
where  the  greatcft  heat  is  ;  and  fo,  by  a  kind  of  circulation,  the  N.  E. 
trade-wind  bclo-.v  will  be  attended  with  a  S.  W.  above  ;  and  a  S.  E.  be- 
low w^Lh  a  N.  "^'Z.  above  :  And  this  is  confirmed  by  the  experience  of 
Teamen,  who,  as  foon  as  they  get  out  of  the  trade-winds,  immediately 
find  a  wind  blowing  from  the  oppofite  quarter. 


*  The  Nviftnefs  of  the  wind  in  a  florm  is  not  more  than  50  or  60  miles  In 
in  hour ;  ar.d  a  '.omqicn  brijli  gaJc  is  about  1  j  miles  an  hour. 

5th.  In 
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5th.  In  the  Atlantic  Ocean  near  the  coafts  of  Africa,  at  about  loo 
leagues  from  the  fhore,  between  the  latitudes  of  28°  and  10°  north,  fca- 
men  conftantly  meet  with  a  frefti  gale  of  wind  blowing  from  the  N,  E. 

6th.  Thofe  bound  to  the  Caribee  Iflands,  acrofs  the  Atlantic  Ocean, 
find,  as  they  approach  the  American  fide,  that  the  faid  N.  E.  wind  be- 
comes eafterly ;  or  feldom  blows  more  than  a  point  from  the  eaft,  either 
to  the  northward  or  fouthward. 

Thefe  trade- winds,  on  the  American  fide,  are  extended  to  30,  31,  or 
even  to  32°  of  N.  latitude  ;  which  is  about  4°  farther  than  what  they 
extend  to  on  the  African  fide.  Alfo  to  the  fouthward  of  the  equator,  the 
trade-winds  extend  3  or  4  degrees  farther  towards  the  coaft  of  Brafil  on 
the  American  fide,  than  they  do  near  the  Cape  of  Good  Hope  on  the 
African  fide. 

7th.  Between  the  latitudes  of  4*  North,  and  4°  South,  the  wind  al- 
ways blows  between  the  fouth  and  eaft  :  On  the  African  fide  the  winds 
are  neareft  to  the  fouth  ;  and  on  the  American  fide  neareft  to  the  eaft. 
in  thefe  feas  Dr.  Halley  obferved,  that  when  the  wind  was  eaftward,  the 
weather  was  gloomy,  dark,  and  rainy,  with  hard  gales  of  wind  :  but  when 
the  wind  veered  to  the  fouthward,  the  weather  generally  became  ferene 
with  gentle  breezes  next  to  a  calm. 

Thefe  winds  are  fomewhat  changed  by  the  feafons  of  the  year  ;  for 
when  the  Sun  is  far  northward,  the  Brafil  S.  E.  wind  gets  to  the  fouth, 
and  the  N.  E.  wind  to  the  eaft  ;  and  when  the  Sun  is  far  fouth,  the  S.  E. 
wind  gets  to  the  eaft,  and  the  N.  E.  winds  on  this  fide  of  the  equator  veer 
more  to  the  north. 

8th.  Along  the  coaft  of  Guinea,  from  Sierra  Leon  to  the  Ifland  of  St. 
Thomas  (under  the  equator)  which  is  above  500  leagues,  the  foutherly  and 
fouth-weft  winds  blow  perpetually.  For  the  S.  E.  trade-wind  having 
pafied  the  equator,  and  approaching  the  Guinea  coaft  within  80  or  lOO 
leagues,  inclines  towards  the  fliore,  and  becomes  rooth,  then  S.  E.  and  by 
degrees,  as  it  comes  near  the  land.  It  veers  about  to  fouth,  S.  S.  W.  and 
in  with  the  land  it  is  S.  W.  and  fometimes  W.  S,  W.  This  tra<Sl  is 
troubled  with  frequent  calms,  violent  fudden  gufts  of  wind,  called  Torna- 
does, blowing  from  all  points  of  the  horizon. 

The  reafon  why  the  wind  fets  in  weft  on  the  coaft  of  Guinea,  Is,  in 
all  probability,  owing  to  the  nature  of  the  coaft,  which  being  greatly 
heated  by  the  Sun,  rarefies  the  air  exceedingly  ;  and  confcquently  the  cool 
air  from  off  the  fea  will  keep  rufhing  in  to  rcftorc  the  equilibrium.  • 

9th.  Between  the  4th  and  lOth  degrees  of  north  latitude,  and  between 
the  longitudes  ot  Cape  Verd,  and  the  caftcrmoft  of  the  Cape  Verd  Ifles, 
there  is  a  tract  of  fca  which  feems  to  be  condemned  to  perpetual  calms, 
attended  with  terrible  thunder  and  lightnings,  and  fuch  frequent  rains, 
that  tliis  part  of  the  fea  is  called  the  Rains.  Ships  in  failing  thcf» 
6  degrees  have  been  fometimes  detained  whole  months,  as  it  is  re- 
ported. 

The  caufe  of  this  feems  to  be,  that  the  wcftcrly  winds  fetting  in  on 
this  coaft,  and  meeting  the  general  eafterly  wind  in  tliis  traift,  balance 
each  other,  and  io  caule  the  calms  ;  and  the  vapours  carried  thither  by 
each  wind  meeting  and  coadcnfing,  occalioa  the  iilmoft  coiillaiU  rains. 

The 
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The  laft  three  obfervations  Ihew  the  reafon  of  tWo  things  which 
mariners  experience  in  failing  frona  Europe  to  India,  and  in  the  Guinea 
trade 

-  Firft.  The  difBculty  which  fliips  in  going  to  the  fouthward,  efpccially 
in  the  months  of  July  and  Auguft,  find  in  pafling  between  the  coaft  of 
Guinea  and  Bnifil,  notwithftandi'^.g  the  width  of  this  fea  is  more  than 
500  leagues.  This  happens,  becaufc  the  S.  E.  winds  at  that  time  of  the 
year  commonly  extend  fome  degrees  beyond  the  ordinary  limirs  of  4/*  N. 
latitude  ;  and  befides  come  fo  much  foutherly,  as  to  be  fometinic^  <batly, 
fometimes  a  point  or  two  to  the  weft  ;  it  then  only  remains  to  piy  to 
windward.  And  if,  on  the  one  fide^  they,  fteer  W.  S.  W.  they  get  a 
uind  more  and  more  eafterly  ;  but  then  there  is  a  danger  of  falling  in 
with  the  Brafilian  coal>,  or  fhoals  v  and  if  they  fteer  E.  S.  E.  they  fall 
into  the  neighbourhood  of  the  coafl:  of  Guinea,  from  whence  they  cannot 
depart  without  running  eafterly  as  far  as  the  ifland  of  St.  Thomas  ;  and 
this  is  the  conftant  pradlice  of  all  the  Guinea  fhips. 

Secondly.  All  fhips  departing  from  Guinea  for  Europe,  their  direct 
courfe  is  northward  j  but  on  this  courfe  they  cannot  go,  becaufe  the 
coafl:  bending  nearly  caft  and  weft,  the  land  is  to  the  northward  : 
Therefore  as  the  winds  on  this  coaft  are  generally  between  the  S.  and 
W.  S.  W.  they  are  obliged  to  fleer  S.  S.  E.  or  fouth,  and  with  thefe 
tourfes  they  run  off  the  fhore ;  but  in  fo  doing  they  always  find  the 
winds  more  and  more  contrary  ;  fo  that  when  near  the  fhore,  they  can 
lie  fouth,  at  a  greater  diftance  they  c-m  make  no  better  than  S.  E.,  and 
afterwards  E.  S.  E.  ;  with  which  couries  they  commonly  fetch  the  ifland 
of  St.  Thomas  and  Cape  Lopez,  where  finding  the  winds  to  the  eaft- 
ward  of  the  fouth,  they  fail  wefteriy  with  it,  until  they  come  to  the 
latitude  of  4  degrees  fouth,  where  they  find  the  S.  E.  wind  blowing  per- 
pctuaKy. 

On  account  of  thefe  general  winds,  all  thofe  who  ufe  the  Weft  India 
trade,  even  thofe  bound  to  Virginia,  reckon  it  their  beft  courfe  to  get  as 
foon  as  they  can  to  the  fouthv/;ird,  that  fo  they  may  be  certain  of  a  fair 
and  frefn  gale  to  run  before  to  the  wcftward.  And  for  the  fame  reafon 
the  homeward  bound  fhips  from  America  endeavour  to  gain  the  latitude 
of  30  degrees,  where  they  firft  find  the  winds  begin  to  be  variable  j 
though  the  moft  ordinary  winds  in  the  north  Atlantic  Ocean  come  from 
betvv-een  the  fouth  and  weft. 

icth.  BetweeJi  the  fouthern  latitudes  of  10  and  30  degrees  in  the  In- 
dian Ocean,  the  general  trade-wind  about  the  S.  E.  by  S.  is  found  to  blow 
all  the  year  long  in  the  fame  manner,  as  in  tiie  like  latitude  in  the  Ethi- 
opic  Ocean  :  and  during  the  fix  months  from  May  to  December,  thefe 
v/inds  reach  to  within  2  oegrecs  of  the  equator ;  but  during  the  other  fix 
months,  from  November  to  June,  a  N.  W.  wind  blows  in  the  tradf  lying 
tctween  the  3d  and  i oti^vdegeces  of  fouthern  latitude,  in  the  meridian  of 
the  rorth  end  of  Madagafcar  :  and  between  the  2d  and  i2th  degree  of 
fouth  latitude,  near  the  longitude  of  Sumatra  ajid  Java. 

Iith.  hi 
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nth.  In  the  tra£t  between  Sumatra  and  the  African  coaft,  and  from  3 
degrees  of  fouth  latitude  quite  northward  to  the  Afiatic  coafts,  including 
the  Arabian  Sea  and  the  Gulf  of  Bengal,  the  Monfoons  blow  from  Sep- 
tember to  April  on  the  N.  E. ;  and  from  March  to  October  on  the  S.  W- 
In  the  former  half  year  the  wind  is  more  fteady  and  gentle,  and  the 
weather  clearer  than  in  the  latter  fix  months  ;  and  the  wind  is  more 
ftrong  and  fteady  in  the  Arabian  Sea  than  in  the  Gulf  of  Bengal. 

1 2th.  Between  the  Ifland  of  Madagafcar  and  the  coafl:  of  Africa,  and 
thence  northward  as  far  as  the  equator,  there  is  a  traft,  where  from 
April  to  October  there  is  a  conftant  frefh  S.  S.  W.  wind  ;  which  to  the 
northward  changes  into  the  W.  S.  W.  wind,  blowing  at  that  time  in  the 
Arabian  Sea, 

13th.  To  the  eaftward  of  Sumatra  and  Malacca,  on  the  north  of  the 
equator,  and  along  the  coafts  of  Cambodia  and  China,  quite  through 
the  Phillippines  as  far  as  Japan,  the  Monfoons  blow  northerly  and 
foutherly,  the  northern  fetting  in  about  October  or  November,  and  the 
fouthern  about  May ;  -the  winds  are  not  quite  fo  certain  as  thofe  in  the 
Arabian  Seas. 

14th.  Between  Sumatra  and  Java  to  the  weft,  and  New  Guinea  to  the 
eaft,  the  fame  northerly  and  foutherly  winds  are  obferved ;  but  the  firlt 
half  year  Monfoon  inclines  to  the  N.  W.  and  the  latter  to  the  S.  E. 
Thefe  winds  begin  a  month  or  fix  weeks  after  thofe  in  the  Chinefe  Seas 
fet  in,  and  are  quite  as  variable. 

15th.  Thefe  contrary  winds  do  not  fhift  from  one  point  to  its  oppofite 
all  at  once;  in  Tome  places  the  time  of  the. change  is  attended  with 
calms,  in  others  by  variable  winds.  And  it  often  happens  on  the  fhores 
of  Coromandel  and  China  towards  the  end  of  the  Monfoons,  that  there 
are  moft  violent  ftorms,  greatly  refembling  the  hurricanes  in  the  Weft 
Indies ;  when  the  wind  is  fo  valtly  ftrong,  tliat  hardly  any  thing  can  rcfii?: 
its  force. 

All  navigation  in  the  Indian  Ocean  muft  necefHirily  be  regulated  by 
thefe  winds  ;  for  if  mariners  fhould  delay  their  voyages  till  the  contrary 
Monfoon  begins,  they  muft  either  fail  back,  oi'  go  int'j  harbotTj  auJ  ',vof|; 
for  the  return  of  the  trade- wind. 
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'  SECTION    VII. 

Of  the  Tides. 

S5.  A  Tide  is  that  motion  of  the  waters  in  the  feas  and  rivers,  hy 
which  they  are  foun«l  regularly  to  rife  and  fall. 

The  general  caufe  of  the  tides  was  difcovercd  by  Sir  Ifaac  Newton, 
and  is  deduced  from  the  following  confiderations. 

86.  Daily  experience  fhews,  that  all  bodies  thrown  upwards  from  the 
tarth,  fall  down  to  its  furface  in  perpendicular  lines  ;  and  as  lines  per- 
pendicular to  the  furface  of  a  fphere  tend  towards  the  center,  therefore  the 
lines,  along  which  all  heavy  bodies  fall,  are  direiled  towards  the  Earth's 
center. 

As  thcfe  bodies  apparently  fall  by  their  weight,  or  gravity  ;  therefore 
the  law  by  which  they  fall,  is  called  the  Law  of  Gravitation. 

87.  A  piece  of  glafs,  amber,  or  fealing-wax,  and  fome  other  things, 
being  rubbed  againft  the  palm  of  a  hand,  or  againft  a  woollen  cloth,  until 
they  are  warmed,  will  draw  bits  of  paper,  or  other  light  fubftances,  to- 
wards them,  when  held  fufficiently  near  thofe  fubftances. 

Alfo  a  magnet,  or  loadftone,  being  held  near  the  filings  of  iron  or  fteel, 
or  other  fmall  pieces  of  thefe  metals,  will  draw  them  to  itfelf  j  and  a  piece 
of  hammered  iron  or  ftcel,  that  has  been  rubbed  by  a  magnet,  will  have  jl 
like  property  of  drawing  iron  or  fleel  to  itfeif.  And  this  property  is 
called  Attraction. 

88.  Now  as  bodies  by  their  gravity  fall  towards  the  Earth,  it  is  not 
improper  to  fay  the  Earth  attra<Si:s  thofe  bodies  ;  and  therefore  in  refpe^t 
to  the  earth,  the  words  gravitation  and  attradlion  may  be  ufed  one  for  the 
other,  as  by  them  is  meant  no  more  than  the  power,  or  law,  by  which 
bodies  tend  towards  its  center. 

And  it  is  likely,  that  this  is  the  caufe,  why  the  parts  of  the  Earth  adhere 
and  keep  clofe  to  one  another. 

89.  The  incomparable  Sir  Ifaac  Newtson,  by  a  fagacity  peculiar  to 
himfelf,  difcovered  from  many  obfervations,  that  this  law  of  gravitation  or 
attracftion  v/as  univerfally  diffufcd  throughout  the  folar  fyftem  ;  and  that 
the  regular  motions  obfcrved  among  the  heavenly  bodies  were  governed 
by  this  fame  principle  ;  fo  that  the  Earth  and  Moon  attracSled  each  other, 
and  both  of  them  are  attracted  by  the  Sun.  He  difcovered  alfo  that  the 
force  of  attradlion,  exerted  by  thefc  bodies  one  on  the  other,  was  lefs  and 
Icis  as  the  diftance  incrcafed,  in  proportion  to  the  fquares  of  thofe  dif- 
tanccs  5  that  is,  the  power  of  attraction  at  double  the  diftance  was  four 
times  k(i,  at  triple  the  diftance  nine  times  lefs,  at  quadruple  the  diftance 
lixtecn  times  lefs,  and  fo  on. 

90.  Nov/  as  the  Earth  is  attraclcd  by  the  Sun  and  Moon,  therefore  all 
the  parts  of  the  Earth  will  not  gravitate  towards  Its  center  in  the  fame 
manner,  as  if  thofe  parts  were  not  affected  by  fuch  attractions.  And  it 
is  very  evident  that,  were  the  Earth  eiUircIy  free  from  fuch  aclions  of  the 
Sun  and  Moon,  the  ocean  bcii-.g  equally  attracted  towards  Its  center,  on 
all  fides,  by  the  force  of  gravity,  would  continue  In  a  perfecl  ftagnation 
without  ever  ebbing  or  flowing.  But  fmcc  the  cafe  is  oihervvlfe,  the  water 
hi  the  ocean  muft  needs  rife  higher  in  thofe  places  where  the  Sun  »rid 
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Moon  diminifli  Its  gravity,  or  where  the  Sun  and  Moon  have  the  greateil^ 
attraction. 

As  the  force  of  gravity  muft  be  diminifiied  nioft  in  thofe  parts  of  the 
Earth  to  which  the  Moon  is  neareft,  that  is,  where  (he  is  in  the  Zenith, 
or  vertical,  and,  confequently,  where  her  attracflion  is  moft  powerful ; 
therefore  the  waters  in  fuch  places  will  rife  higheflr,  and  it  will  ht  full fea 
ox  flood  in  fuch  places. 

9 1 .   The  parts  of  the  Earth  dlreSfly  under  the  Moon,  and  alfo  thofe  in  her- 
Nadir,  viz.  fuch  places  as  are  diametrically  oppofite  to  thofe  where  the  Moon 
is  in  the  Ze7iith^  will  have  the  flood^  or  high  water .^  at  the  fame  time. 

For  either  half  of  the  Earth  would  gravitate  equally  towards  the  other 
half,  were  they  free  from  all  external  attradion. 

But  by  the  a(Stion  of  the  moon,  the  gravitation  of  one  half-earth  towards 
its  center  is  diminifhed,  and  of  the  other  is  increafed. 

Now  in  the  half-earth  next  the  Moon,  the  parts  in  the  zenith  being 
moft  attrafled,  and  thereby  their  gravitation  towards  the  Earth's  center 
diminiflied,  the  waters  in  thefe  parts  muft  be  higher  than  in  any  other 
part  of  this  half-earth. 

And  in  the  half-earth  fartheft  from  the  Moon,  the  parts  in  the  nadir 
being  lefs  attracted  by  the  Moon  than  the  parts  nearer  to  her,  gravitate 
lefs  towards  the  Earth's  center,  and  confequently  the  waters  in  thefe 
parts  muft  be  higher  than  they  are  in  any  other  part  of  this  half-earth. 

Q2.  Thofe  parts  of  the  Earth,  wh,:r£  the  Moon  appears  in  the  horizon,  sr 
is  90  degrees  dijlant  from  the  zenith  and  nadir,  tvill  have  the  ebbs  or  lowejl 
waters. 

For  as  the  waters  in  the  zenith  and  nadir  rife  at  the  fame  time, 
the  waters  in  their  neighbourhood  will  prcfs  towards  thofe  places  to 
maintain  the  equilibrium  ;  and  to  fupply  the  places  of  thefe,  others  will 
move  the  fame  way,  and  fo  on  to  places  of  90^  diftant  from  the  faid 
zenith  and  nadir  j  confequently,  in  thofe  places  where  the  Moon 
appears  in  the  horizon,  the  waters  will  have  more  liberty  to  defccnd 
towards  the  center ;  and  therefore  in  thofe  places  they  will  be  the 
loweft. 

93.  Hence  it  plainly  follows,  that  the  ocean,  if  it  covered  the  furface 
of  the  Earth,  muft  put  on  a  fpheroiJal,  or  egg-like  figure  ;  in  which 
(liC  longeft  diameter  palTes  through  the  place  \vhcre  the  Moon  is  vertical  ; 
and  the  fhorteft  diameter,  will  be,  in  the  horizon  of  that  place.  And 
as  the  Moon  apparently  fhifts  her  pofition  from  eaft  to  weit  in  going 
round  the  Earth  every  day,  the  longer  diameter  of  the  fpheroid  follow- 
ing her  motion,  will  occalion  the  two  floods  and  ebbs  obfcrvable  in  about 
every  25  hours,  which  is  about  the  length  of  a  lunar  day,  or  the  ti.ne 
fpcnt  between  the  Moon's  leaving  the  meridian  of  any  place,  and  comi;;g 
to  it  again. 

94.  Hence  the  greater  the  Moon's  meridian  ahitude  is  at  any  \kxzz, 
the  greater  thole  tides  v/ill  be  v.'liich  happen  when  ^he  i;.  above  tb.e  ho- 
rizon J  and  the  greater  her  meridian  dcpreiuon  is,  the  greater  will  tliofc 
tides  be  which  happen  while  ftie  is  below  the  horizon. 

Moreover  the  fuiiimer  day,  and  the  winter  ni^jht-ti'cs  have  a  ten- 
dency to  be  higheft,  bccaufe  the  Sun's  fummer  aititucic  and  his  wiriter 
dcDtcilioii  are  ercatcft,  but  thi>  is  more  cli^cciallv  to  be  noted  when  the 
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J^oon    has   north   declination   in   fummer,   arid  fouth    declination    in 
wnftr. 

95.  The  time  of  high  water  is  not  precifely  at  the  time  of  the  MootCs 
coming  to  the  tneridian^  but  about  an  hour  after. 

For  the  moon  ads  with  fome  force  after  fhe  has  paft  the  meridian, 
arid  by  that  means  adds  to  the  libratory,  oi"  waving  motion,  which  fhe 
had  put  the  water  into,  whilft  fhe  was  in  the  meridian  j  in  the  fame 
manner  as  a  fmall  force  applied  upwards  to  a  ball,  already  raifed  to  fome 
height,  will  raife  it  flill  higher. 

96.  The  tides  are  greater  than  ordinary  twice  every  month  ;  that  is,  about 
ihc  times  of  new  and  full  Moon  :  thefe  are  called  Spring-Tides. 

For  at  thefe  times  the  actions  of  both  Sun  and  Moon  concur  to  draw 
in  the  fame  right  line  ;  and  therefore  the  fea  muft  be  more  elevated.  In 
conjunction,  or  when  the  Sun  and  moon  are  on  the  fame  fide  of  the  Earth, 
they  both  confpire  to  raife  the  water  in  the  zenith,  and  confequently  in 
the  nadir.  And  when  the  Sun  and  Moon  arc  in  oppofition,  that  is,  when 
the  Earth  is  between  them,  whilft  one  makes  high  water  in  the  zenith 
and  nadir,  the  other  does  the  fame  in  the  nadir  and  zenith. 

97.  The  tides  are  lefs  than  ordinary  tivice  every  month  ;  that  is,  about  the 
times  of  the  fir Ji  and  laji  quarters  of  the  Moon  :  and  thefe  are  called  Neap 
Tides. 

Because  in  the  quarters  of  the  Moon,  the  Sun  raifes  the  water  where 
the  Moon  deprefl'es  it;  and  <ieprefles  where  the  Moon  raifes  the  watery 
lb  that  the  tides  are  mad^  only  by  the  difference  of  their  actions. 

It  muft  be  obfcrved,  that  the  fpring  tides  happen  not  diredlly  on  the 
new  and  full  moons,  but  rather  a  day  or  two  after,  when  the  attractions 
<}i  the  Sun  and  moon  have  confpired  together  for  a  confiderable  time. 
In  like  manner  the  neap-tides  happen  a  day  or  two  after  the  quarters, 
when  the  moon's  attraction  has  j^een  leflencd  by  the  Sun  for  feveral  days 
together. 

98.  JVhen  the  Moon  is  in  her  Perig^um,  or  nearejl  approach  to  the 
Barth,  the  tides  increafe  more  than  in  the  fame  circumjiances  at  other  times,  -'■ 

For  according  to  the  laws  of  gravitation,  the  Moon  muft  attract  moft 
when  fhe  is  nearcft  to  the  Earth. 

99.  The  fpring-tidei  are  greater  about  the  time  of  the  EqL'INOXES,  that 
is,  about  the  latter  ends  of  March  and  September,  than  at  tther  times  of  the 
ytar  ;  and  the  neap-tides  then  arc  lefs. 

Bkcause  the  longer  diameter  of  the  fpheroid,  or  the  two  oppofite 
floods,  will  at  that  time  be  in  the  Earth's  equator  j  and  confequently 
v/ill  defcribe  a  great  circle  of  the  Earth  ;  by  the  diucnal  rotation  of 
which  thofc  floods  will  move  fwifter,  defcribirig  a  great  circle  in  the 
lame  time  they  ufcd  to  defaribe  a  lefTer  circle  parallel  to  the  equator,  and 
confequently  the  waters  being  thrown  more  forcibly  againft  the  fhores, 
muft  rife  higher. 

100.  The  foilov/in:^  obfcrvations  have  been  made  on  the  rife  of  the 
tides. 

,   ift.  The  moifting  tides  generally  diifer  in  their  rife  frem  the  evening- 
tides. 

2d.  The  new  and  full  Moon  fpring-tides  rife  to  different  heights. 

^.  In  vvialer  the  morning-tides  are  higheft. 

4th.  In 
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j  '    4th.  In  fummer  the  evening-tides  are  higheft. 

I       So  that  after  a  perioB  of  about  fix  months  the  order  of  the  tides  arc 
i  inverted  ;  that  is,  the  rife  of  the  morning  and  evening-tides  v/i\]  change 
places,  the  winter  morning  high-tides  becoming  the  fummer  evening 
high-tides. 

Some  of  thefe  efFe£ts  arife  from  the  different  diftr.nces  of  the  Moon 
from  the  Earth  after  a  period  of  f.K  months,  when  flic  is  in  the  fame 
fituation  with  refpecfl  to  the  Sun  ;  for,  if  fhe  is  in  perigee  at  the  time  of 
new  m.oon,  in  about  ux  months  after  fhe  v/ill  be  in  perigee  about  the  time 
of  full  Moon. 

T'hefc  particulars  being  known,  a  pilot  may  chufe  that  time,^v,-hich  i» 
moft  convenient  for  conducting  a  ihip  in  or  out  of  a  port,  wi;cre  there  is 
not  fufficient  depth  at  low-water. 

Small  inland  feas*  fuch  as  the  Mediterranean  and  Baltic,  are  little 
fubjeft  to  tides  ;  becaufc  the  action  of  the  Sun  and  Moon  is  always 
nearly  equal  at  both  extremities  of  fuch  feas.  In  very  Wigh  latitudes  the 
tides  are  alfo  very  inconfiderable.  For  the  Sun  and  Moon  acting  towards 
the  equator,  and  always  raifmg  the  water  towards  the  middle  of  the  torrid 
zone,  the  neighbourhood  of  the  poles  muft  confequently  be  deprived  of 
thofe  waters,  and  the  fea  muft,  within  the  frigid  zonesj  be  low,  with  re- 
lation to  other  parts. 

lOT.  All  the  things  hitherto  explained  would  exactly  obtain,  were  the 
whole  furface  of  the  Earth  covered  v/ith  fea.  But  fmce  it  is  not  fo,  and 
there  being  a  multitude  of  iflands,  beHdes  continents,  lying  in  the  way  of 
the  tide,  which  intenupt  its  courfc  ;  therefore  in  many  j)laces  near  the 
fliorcs,  there  arifes  a  ^reat  variety  of  other  appearances  bcfide  the  forego- 
ing ones  which  require  particular  folutions,  in  which  the  htuations  of  the 
fliores,  ftraits,  ihoals,  winds,  and  other  things,  muft  necellarily  be  confi- 
de red.      For  inftance  : 

102,  As  the  fea*  has  no  viFiljle  pafl'age  between  Europe  and  Africa^ 
let  them  be  fuppofcd  to  be  one  continent,  extending  from  78  degrees 
north  to  3.|.  de^nces  fouth,  the  middle  between  thefe  two  would  be  in  lati-^ 
tude  19  degrees  north,  near  Cape  Blanco,  on  the  well:  coaft  of  Africa. 
But  it  is  impoinble  that  the  flood-tide  fhould  fet  to  the  weftv/ard  upon 
the  v/eftcrn  coaft  of  Africa  (for  the  general  tide  following  the  courfe  of 
tiiC  Moc  n  muft  fet  from  eaft  to  weft),  becaule  the  continent,  for  above 
50  degree^,  both  northward  and  fouthward,  bounds  that  fea  on  the  eaft  ; 
therefore  if  any  regular  tide,  proceeding  from  the  motion  of  the  fea,  from 
»aft  to  w^-il,  (hould  reach  this  j)lace,  it  muft  come  either  from  the  north 
of  Europe  fouthward,  or  from  the  fouth  of  Africa  northward,  to  the  faiJ 
latitude  upon  the  weft  coaft  of  Africa. 

i::2-  'i'his  opinion  i'.  further  corroboratr^d,  or  rather  fully  confirmed 
by  common  experience,  whicii  flicws  that  t!ie  flood-tide  fcts  to  the  fouth- 
ward ;!o;:g  the  wc^  coaft  oi"  Noriuay,  from  the  north  cape  to  the  Naze^ 
Oi  cnir.'nc-  f^f  the  Baltic  St-a,  and  fo  proceeds  to  the  fouthward  along  the 
c  -  i1  CO  1^  (',  Crrcit  j^riiiin,  ?Ay\  in  its  p:^!T:.^?  fupplics  iA\  th.ofc  ports  wi'Ji 
tlic  tiJ:    ■  ::  ;.;:tn::C,-,  rhj  co?.ft-  of  Sc^t'dvd  h:-.\-:'r.  t":  -  tide  firil,  be- 
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caufc  it  prccccds  from  the  northward  to  the  foutbward  ;  and  thus  on  the 
days  of  the  full,  or  change,  it  is  high-water  at  Jberdeen  at  i2h.  45  m. 
but  at  Tinmcuth  Bar,  the  ianie  day,  not  till  3h.  From  thence  rolling  to 
the  fouthward,  it  makes  high-water  at  the  Spurn  a  little  after  5h. ;  but 
not  till  6  h.  at  HuUy  by  reafon  of  the  time  required  for  its  pafl'age  up  the 
river  j  from  thence  pafling  over  the  jyelbank  into  Tar?nouth  Road,  it 
makes  high- water  there  a  little  after  8  h.  but  in  the  Pier  not  till  9  h.,  and 
it  requires  near  an  hour  more  to  make  high-water  at  Tormouth  town  ;  in 
the  mean  time  fetting  away  to  the  fouthward,  it  makes  high-water  at 
Harxvich  at  10  h.  30  m.,  at  the  l^ore  at  12,  at  Gravcfend  i  h.  30  m.,  and 
at  Lcndon  at  3h.  all  On  the  fame  day.  And  although  this  may  fecm  to 
contradi(St  that  hypothcfis  of  the  natural  motion  of  the  tide  being  from 
eaft  to  wert,  yet  as  no  tide  can  flow  weft  from  the  main  continent  of  Nor" 
may  or  Holland,  or  out  of  the  Baltic,  which  is  furrounded  by  the  main 
continent,  except  at  its  entrance,  it  is  evident  that  the  tide  we  have  been 
now  tracing  by  its  feveral  ftages  from  Scotland  to  London,  is  fupplied  by 
tire  tide,  the  original  motion  of  which  is  from  eaft  to  weft  ;  yet  as  water 
iilways  inclines  to  the  level,  it  will  in  its  paflage  fall  towards  any  other 
point  of  the  compafs,  to  fill  up  vacancies  where  it  finds  them,  and  yet  not 
contradi6l,  but  rather  confirm,  the  firft  hypothefis. 

104.  While  the  tide,  or  high-water,  is  thus  gliding  to  the  fouthward 
along  the  eaft  coaft  of  England^  it  alfo  fets  to  the  fouthward  along  the 
weft  coafts  of  Scotland  and  Ireland,  a  branch  of  it  falls  into  St.  George's 
channel,  the  flood  running  up  north-eaft,  as  may  be  naturally  inferred 
from  its  being  high-water  at  JVatcrford  above  three  hours  before  it  is 
high-water  at  Dublin^  or  thereabout,  on  that  coaft  ;  and  it  is  three 
quarters  of  an  hour  ebb  at  Publin  before  it  is  high-water  at  the  Ijle  of 
Man,  Sic. 

But  not  to  proceed  farther  in  particulars  than  to  our  own,  or  the 
Britijl)  channel,  we  find  the  tides  fct  to  the  fouthward  from  the  coaft  of 
Ireland,  and  in  their  paflage  a  branch  falls  into  the  BritiJ})  channel  be- 
tween the  Lizard  and  Ujl)a)!t ;  this  progrefs  to  the  fouthward  may  be 
cafily  proved,  by  its  being  high-water  on  the  day  of  the  full  and  changes 
at  Uapc  Clear  a  little  after  4  h.,  and  at  Vjljcnt  aboTJt  6h.,  and  at  the 
Lizard  after  7  h.  The  Lizard  and  Ujhant  may  properly  be  called  the 
chaps  of  the  Britijh  channel,  between  which  the  flood  lets  to  the  eallward 
along  the  coafts  oi  England  d^nd  France,  till  it  comes  to  the  Gooihvin  or 
Galloper,  where  it  meets  the  tide  before  mentioned,  which  fets  to  the 
Ibuthward  along  the  eaftcrn  coaft  of  England  to  the  Do%vni,  where  thefe 
two  tides  meeting,  contnbutc  very  much  towards  fending  a  powerful  tide 
\:p  the  river  Thames  to  Lcndon.  And  when  the  natural  courfe  of  thefe 
two  tides  has  been  interrupted  by  a  fudden  ftiift  of  the  wind,  by  which 
n'lcans  tliat  tide  was  accelerated  which  had  before  been  retarded,  and  that 
driven  hack  which  was  before  hurried  in  by  the  wind,  it  has  been  known 
to  occafion  twice  high-water  in  3  or  4  hours,  which,  by  thofe  who  did 
nor  confidcr  this  natural  caufe,  was  looked  upon  as  a  prodigy. 

105.  But  now  it  maybe  objefted,  that  this  courfe  of  the  flood-tide, 
I :  if,  or  eaft-north-caft,  up  the  channel,  is  quite  cor.trary  to  the  hypo- 
uuf.b  of  tiie  gcnciiil  n;otion  of  the  tides  being  from  eaft  to  weft,  and  con- 
kc':cntly  of  its  being  high-Water  where  the  moon  is  vertical,  or  any 
wricrc  the  ia  the  meridiiin. 

In 


Bo^kVl.  GEOGRAPHY,  363 

In  anfwer.  This  particular  dJre£lion  of  any  branch  of  the  tide  does 
not  at  all  contradidl  the  general  direction  of  the  whole ;  a  river,  with 
*a  weftern  courfe,  may  fupply  canals  which  wind  north,  fouth,  or  even 
eaft,  and  yet  the  river  keep  its  natural  courfe  ;  and  if  the  river  ebbs  and 
flows,  the  canals  fupplied  by  it  would  do  the  fame,  although  they  did 
not  keep  exa£l  time  with  the  river,  becaufe  it  would  be  flood,  and  the 
river  advanced  to  fome  height,  before  the  flood  reached  the  farther  part 
of  the  canals  ;  and  the  more  remote  the  canals  are,  the  longer  time  it 
would  require;  and  it  maybe  added,  that  if  it  was  high-water  in  the 
river  juft  when  the  moon  was  on  the  meridian,  (he  would  be  far  paft  it 
before  it  could  be  high-water  in  the  remoteft  part  of  thofe  canals,  or 
ditches,  and  the  flood  would  fet  according  to  the  courfe  of  thofe  canals 
that  received  it,  and  could  not  fet  weft  up  a  canal  of  a  different  pofition  ; 
and  as  St.  George's  channel,  the  Briiijh  channel,  &c.  are  no  more  in 
proportion  to  the  vaft  ocean,  than  thefc  canals  are  to  a  large  navigable 
river  ;  it  will  evidently  follow,  that  among  thofe  obftru6lions  and  con- 
finements the  flood  may  fet  upon  any  other  point  of  the  compafs  as  well 
as  weft,  and  may  make  high- water  at  any  other  time  as  well  as  when 
the  Moon  is  upon  the  meridian,  and  yet  no  way  contradict  the  genera!- 
theory  of  the  tides  before  aflerted. 

106.  When  the  time  of  high-water  at  anyplace  is,  in  general,  men- 
tioned, it  is  to  be  underftood  on  the  days  of  the  fyzygies,  or  days  of  new 
and  full  Moon,  when  the  3un  and  Moon  pafs  the  meridian  of  that  place 
-at  the  fame  time.  Among  pilots  it  is  cuftomary  to  reckon  the  time 
of  flood,  or  high-water,  by  the  point  of  the  compafs  the  Moon  is  on  at 
that  time,  allowing  |  of  an  hour  for  each  point :  Thus  on  the  full  and 
change  days,  in  places  where  it  is  flood  at  noon,  the  tide  is  faid  to  flow 
north  and  fouth,  or  at  12  o'clock  ;  in  other  places,  on  the  fame  days, 
where  the  Moon  bears  1,2,  3,  4,  or  more  points  to  the  eaft  or  weft  of  the 
meridian,  when  it  is  high-water,  the  tide  is  faid  to  flow  on  fuch  point : 
Thus,  if  the  Moon  bears  S.  E.  at  flood,  it  is  faid  to  flov/  S.  E,  and  N.W, , 
or  3  hours  before  the  meridian,  that  is,  at  9  o'clock  ;  if  it  bears  S.  W.,  it 
flows  S.  W.  and  N.  E.,  or  at  3  hours  after  the  meridian  ;  and  in  like 
manner  for  other  points  of  the  Moon's  bearing. 

107.  In  fome  places  it  is  high  water  on  the  fhore,  or  by  the  ground, 
while  the  tide  continues  to  flow  in  the  ftream,  or  offing  ;  and  according 
to  the  length  of  time  it  flows  longer  in  the  ftream  than  on  the  fhore,  it  is 
faid  to  flow  tide,  and  fuch  part  of  tide  ;  allowing  6  hours  to  a  tide  ; 
Thus  3  hours  longer  in  the  offing  than  on  the  ftiore,  make  tide  and  half- 
tide ;  an  hour  and  half  longer  makes  tide  and  quarter-tide  ;  three  quar- 
tcesof  an  hour  longer  make  tide  and  half-quarter  tide;  &c. 

108.  Along  an  extent  of  coaft  next  to  the  ocean,  fuch  as  the  weftern 
coaft  of  Africa,  and  the  eaftern  and  weftern  coafts  of  South  America, 
it  is  generally  high-water  about  the  fame  hour.  But  ports  on  the  coafts 
of  narrow  fcas,  or  within  land,  have  the  times  of  their  high- water 
fooncr  or  later  on  the  fame  day,  according  as  thofe  ports  arc  farther  re- 
moved from  the  tide's  way,  or  have  their  entrances  more  ur  lefs  con- 
tracted. 

109.  The  times  of  high-water,  in  any  place,  fall  about  the  fame  hours 
after  a  period  of  j$  days  nearly,  which  is  the  time  between  one  fpring- 
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tide  and  another:  and  during  that  period,  the  times  of  high-water  fall 
each  day  later  by  about  48  minutes. 

110.  From  the  obfcrvations  of  different  pcrfons,  the  times  When  it  is 
high-water  on  the  days  of  the  new  and  full  Moon,  on  moft  of  the  fea- 
coafts  of  Europe,  and  many  other  places,  have  been  collected.  'Phefe 
times  are  ufually  put  in  a  table  agaiiift  the  names  of  the  places,  digefted 
in  an  alphabetical  order  ;  the  like  is  followed  in  this  work,  only  they  are 
not  given  in  a  table  by  themfclves,  but  make  a  column  in  the  table  of 
the  latitudes  and  longitudes  of  places  ;  which  column  is  not  filled  up 
againll  many  of-the  names  in  that  table,  for  want  of  a  fufficient  cx)llccT;ion 
of  obfervations.  This  may  be  fupplied  by  thofe  who  have  opportunity 
ai\d  inclination. 

The  ufe  of  fuch  a  table  is  to  find  the  time  when  it  is  high-water  at 
any  of  the  places  mentioned  in  it.  But  as  this  depends  upon  knowing 
the  time  when  the  Moon  comes  to  the  meridian,  and  this  on  the  Moon's 
age,  and  this  on  the  knowledge  how  to  find  fome  of  the  common  notes 
in  the  Calendar  ;  therefore  it  was  thought  convenient  to  introduce  irii 
this  place  a  compendium  of  Chronology,  containing  the  feveral  aniclas 
above  mentioned. 


SECTION     VIII. 


Of  Chro7iology. 


III.  Chronology  is  the  art  of  cftimating,  and  comparing  together^ 
the  times  when  remarkable  events  have  happened,  fuch  as  are  leiuted  in 
hiflory. 

An  i?*'RA,  or  Epoch  A,  is  n  time  wlicn  fmnc  memorab'e  tranfaction 
occurred  ;  and  from  which  feme  nr'.tions  d:;tc  and  i.icafure  thcii  com- 
putations of  time. 


Some  h:ive  dated  their  events  from  the  crr:\tii)r,  ") 

of  the  vi'orld,  and  luppofc  it  to  \r■\•^  hi.pj.cned         j 
Other?,  from  the  delude,  or  Hood       —        — 
Tlie  Cjrecks,  from  their  Olympiads  01"  4  yer.rs  1 

each  —  —  —  —  i 

'l"hc  Romr.ns,  from  tr;e  building  of  Rome    — 
The  Afi:ronomers,   fror.i   NaboiKvfriir  king  of  ) 

Babylon  —  —  —  —  ) 

Some  Pliflorians,  from  the  death  of  Alcxaiidcr  ; 

the  CJrc;:t  —  —  ~  —  ( 

T!ie  Chriftians,  from  the  birth  of  Clnin:      — 
The  Miuii  aictans,   from  the   flight  of  Maiio-  7 

mci,  called  the  Hegira  —  —         —  5 
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Period. 
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4004 
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In  order  to  afllgn  the  diftance  between  thefe,  and  other  events,  the  an- 
cients found  it  necefihry  to  h?.vc  a  large  meafure  of  time,  the  limits  of 
which  were  naturally  pointed  out  to  theiii  by  the  return  of  the  feafons 
and  this  interval  they  crJled  a  year. 

112.  The  moft  n?.tural  divifion  of  the  year  appeared  to  them  to  be 
the  returns  of  the  new  Moon,  and  £s  they  obf^rved  12  new  moons  to 
happen  within  the  time  of  the  general  return  of  the  feafons,  they  there- 
fore firft  divided  the  year  into  12  equal  parts,  which  they  called  months'; 
and  as  they  reckoned  about  30  returns  of  morning  and  evening  between 
the  times  of  tiie  new  moon  and  new  moon,  therefore  they  reckoned  their 
month  to  confiit  of  30  days,  and  their  year,  or  12  months,  to  contain 
360  days  ;  and  this  is  what  is  generally  underltood  by  the  lunar  year  of 
the  ancients. 

113.  But  in  length  of  time  it  was  found,  that  this  year  did  not  agree 
v/ith  the  courfe  of  the  fun,  the  feafons  gradually  falling  later  in  the  year 
than  they  had  been  formerly  obferved  ;  this  put  them  upon  correcting  the 
method  of  eftimating  their  year,  which  they  did  from  time  to  time,  by 
taking  a  day  or  two  from  the  month,  as  often  as  they  found  it  too  long 
for  the  courfe  of  the  moon  ;  and  by  adding  a  month,  called  an  intercalary 
month,  as  often  as  they  found  12  lunar  months  to  be  too  fhort  for  the 
return  of  the  four  feafons  and  fruits  of  the  Earth.  This  kind  of  year,  fo 
corrected  from  time  to  time  by  the  priefts,  whofe  bufmefs  it  was,  is  what 
is  to  be  underftood  by  the  hini-plar  year  ;  which  was  anciently  ufed  ia 
mod  nations,  and  is  Itill  amoijg  the  Arabs  and  Turks. 

As  a  great  variety  of  methods  was  ufed  in  different  countries  to  corre(f1; 
the  length  of  the  year,  fome  by  intercalating  days  in  every  year,  and 
others  by  inferting  months  and  days  in  certain  returns,  or  periods  of  years  ; 
and  thefe  different  methods  being  obferved  by  fome  eminent  men  to 
create  a  confiderable  difference  in  the  accounts  of  time  kept  by  neigh- 
bouring nations,  introducing  a  confufion  in  the  chronological  order  of 
times,  they  therefore  invented  certain  periods  of  years,  called  cycles,  with 
which  they  compared  the  moft  memorable  occurrences. 

114.  At  length  "Julius  C^r/^r  obferving  the  confufion  which  this  va- 
riety of  accounts  occafioned,  and  knowing  that  his  order,  as  Emperor  of 
the  Romans,  would  be  followed  by  a  very  confiderable  part  of  the  world  - 
he  therefore,  about  40  years  before  the  birth  of  Chrift,  decreed  that 
every  fourth  year  fhould  confift  of  366  days,  and  the  other  three  of 
365  days  each.  'J'his  he  did  in  confcquence  of  the  information  fi^iven 
him  by  Sofigcncs^  an  eminent  mathematiciiui  of  Alexandria  in  E;j;ypt ;  for 
at  that  time  the  philofophers  of  the  Alcxandrinian  fchool  knew  from 
a  length  of  experience,  tliat  the  year  conliflcti  of  aboi;t  365  days  and  a 
quarter;  and  this  v/as  the  rcafon  of  ordering  every  fourth  year  to  confift 
of  366  days,  thereby  compenfating  for  ihe  quarter  day  omitted  in  each 
of  the  preceding  three  years.  'Ihis  n.cthod,  called  the  Julia  •  Act.unt, 
or  Old  utile,  continued  to  be  ufed  in  ir.oft  CiiriiHan  liates  until  tne  year 
IS82. 

The  Aftronomcrs,  fince  th;  tUmof  J.ili.'is  Cvf.ir,  have  found  that  the 
true  length  of  the  folar  yec.r,  or  Qo\\..ro\\  year,  is  365  Aw^-,  5  lioius, 
4S  minutes,  55  fcconds,  n.ar'.y  ;  bei;:^  ivf^.  than  the  Julian,  of  365  days, 
C   hours,   by  about   u   nih.uLes,  5  f  conds,  which  is  ab'-ut  the   130th 
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part  of  S6400,  the  feconds  contained  in  a  dayj  fo  that  in  130  Julian 
years  there  would  be  one  day  gained  above  130  folar  years  j  and  in  400 
Julian  years  there  would  be  gained  3  days,  i  hour,  53  minutes,  20 
feconds ;  coi^equently  one  day  omitted  in  ^very  130  common  years, 
would  bring  the  current  account  of  time  to  agree  very  nearly  with  the 
in^tion  of  the  Sun. 

115.  In  the  year  of  our  Lord  325,  when  the  Council  of  Nice  fettled  the 
day  for  the  celebration  of  Eafter,  the  Vernal  Equinox  (that  is,  the  day 
in  the  fpring  whtn  the  Sun  rofe  at  fix  and  fct  at  fix)  happened  on  the 
2ift  of  March  ;  but  about  the  year  1580.  the  Vernal  Equinox  fell  on  the 
liih  of. March,  making  a  difference  of  about  10  days.  Now  Gregory 
the  Xlllth,  who  was  Pope  at  that  time,  obferving  that  this  difference  of 
time  in  the  falling  out  of  the  Equinox  would  afFe£l  the  intention  of  the^ 
Nicene  Council^  concerning  the  time  of  the  year  appointed,  by  them  for 
the  celebration  of  Eaflerj  he  therefore,  in  the  year  1581,  publifhed  a 
Bully  ordering  that  in  the  year  1582,  the  5th  of  October  fhould  be  called 
the  15th,  and  fo  on  ;  thus  the  10  days  taken  off  would  caufe  the  time  of 
the  Vernal  Equinox  to  fall  on  the  21ft  of  March,  as  at  the  time  of  the 
Nicene  Council:  and  becaufe  a  little  more  than  three  days  were  gained 
in  every  4C0  years  by  the  Julian  account  j  therefore  to  prevent  any 
future  difference,  every  century,  or  number  of  100  years,  not  divifible 
by  4,  fuch  as  17  hundred,  18  hundred,  19  hundred,  &c.,  fhould  con* 
tain  only  365  days,  which,  by  the  Julian  account,  fhould  have  con- 
tained 366  J  and  the  centuries  divifible  by  4,  fuch  as  16  hundred,  20 
hundred,  24  hundred,  &c.  fhould  be  leap-years  of  366  days  ;  and  thus 
the  three  days  would  be  omitted,  which  the  anticipation  of  the  equinoxes 
would  gain  in  400  years  ;  the  fmall  excefs  of  I  hour,  53  minutes,  20 
feconds,  not  amounting  to  a  whole  day  in  lefs  than  5082  years,  being 
rejeiled  as  inconfidcrable  ;  the  intermediate  years  to  be  reckoned  as  they 
ofed  to  be  in  the  Julian  or  Old  Stile.  This  Pope's  alteration,  called  the 
Gregorian  or  Nc%u  Stile,  was  received  in  mofl:  of  the  Chriflian  flates  : 
But  fomc  at  that  time  chofe  to  continue  the  Julian -^  among  whom  were 
the  Englifli  ;  and  they,  in  the  year  1752,  reformed  their  account,  and 
introduced  among  thenifelves  a  new  one,  that  nearly  correfponds  with  the 
Gregorian. 

A  certain  length  of  the  year  being  once  fettled,  and  a  regular  account 
of  time  in  confcquence  of  it  being  fo  fitted,  as  to  conform  invariably  to 
the  feafons  ;  it  was  natural  for  the  States  who  received  fuch  account,  to 
fit  to  it  a  regifier  of  the  days  in  each  month,  and  to  note  the  days  when 
any  remarkable  occurrence  was  to  be  commemorated  ;  and  fuch  regifler 
lias  obtained  the  name  oi  Calendar. 

116.  The  Calendar  now  in  ufe  among  mofl  of  the  Chriflian  flatei 
confifls  of  12  months,  called  January,  February,  March,  Jpril,  May^ 
June,  July,  Auguji,  September,  Odlober,  November,  December;  thefe 
months  are  called  civil,  the  number  of  days  in  each  may  be  readily  re- 
membered by  the  following  rule. 

117.  Thirty  days  has  September,  April,  June,  and  November', 
February  has  twenty-eight  alone  :   All  the  reft  have  thirty-one  ; 

When  the  year  confifls  of  365  days  :   But  in  every  fourth,  which  con- 

fifls  of  366  days,  February  has  29.      This  additional  day  was  interca- 

9  lated 
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laled  after  the  24th  of  February,  which  in  the  Old  Roman  Calendars  was 
called  thcftxth  of  the  calends  of  March,  and  being  this  year  reckoned  twice 
over,  the  year  was  called  Bljfextilis,  or  Leap-Year. 

Befide  the  months,  time  is  alfo  divided  into  weeks,  days,  hours,  mi- 
nutes, &c,  a  year  containing  52  weeks,  a  week  7  days,  a  day  24  hours,  an 
hour  60  minutes,  &c. 

In  the  Calendars  it  has  been  ufual  to  mark  the  feven  days  of  the  week 
with  the  feven  firft  letters  of  the  alphabet,  always  calling  the  firft  of  Ja- 
nuary A,  the  2d  B,  the  3d  C,  the  4th  D,  the  5th  E,  the  6th  F,  and  the 
7th  G,  and  fo  on,  throughout  the  year  :  and  that  letter  anfwering  to  all 
the  Sundays  for  a  year,  is  called  the  Dominical  Letter. 

According  to  this  difpofition,  the  letters  anfwering  to  the  firft  day  of 
every  month  in  the  year,  will  be  known  by  the  following  rule : 

118.  At  Dover  Dwells  George  Brown,  Efquire, 
Good  Caleb  Finch,  and  David  Frier  ; 

Where  the  firft  letter  of  each  word  anfwers  to  the  letter  belonging  to  the 
firft  day  of  the  months  in  the  order  from  January  to  December. 

119.  A  year  of  365  days  contains  52  weeks  and  i  day  j  and  a  leap- 
year  has  52  weeks  and  2  days  ;  therefore  the  firft  and  laft  days  of  a  com- 
mon year  fall  on  the  fame  week-day,  fuppofe  it  Monday,  then  the  nexr 
year  begins  on  a  Tuefday,  the  next  year  on  Wed-nefday,  and  fo  on  to  the 
eighth  year,  which  would  be  on  Monday  again,  did  every  year  contain 
365  days  ;  alfo  the  Dominical  letter  would  run  backwards  through  all 
the  feven  letters.  But  this  round  of  feven  years  is  interrupted  by  the 
leap-years  ;  for  then  February  having  a  29th  day  annexed,  the  firft  Do- 
minical letter  in  March  muft  fall  a  day  fooner  than  in  the  common  year  ; 
fo  that  leap-year  has  two  Dominical  letters,  the  one  (fuppofing  G)  ferv- 
ing  for  fanuary  and  February,  and  the  other,  which  is  the  preceding  letter 
(F)  ferves  for  the  reft  of  the  Sundays  in  that  year. 

120.  The  Solar  Cycle,  or  cycle  of  the  Sun,  is  a  period  of  28  years, 
in  which  all  the  varieties  of  the  Dominical  letters  will  have  happened,  and 
they  will  return  in  the  fame  order  as  they  did  28  years  before.  'At  thq 
birth  of  Chrift  9  years  had  paft  in  this  cycle. 

For  the  changes,  were  all  the  years  common  ones,  would  be  7; 

But  the  interruptions  by  leap-year  being  every  fourth  year  ; 

Therefore  the  changes  will  be  4  times  7,  or  28  years. 

This  return  of  the  Dominical  letter  is  conftant  in  the  f-uUan  account. 
But  in  the  Gregorian,  where  among  the  complete  centuries,  or  hundredth 
years,  only  every  fourth  is  leap-year  ;  the  other  three  hundred  years, 
which  according  to  the  Julian,  would  be  leap-years,  are  by  the  Gre- 
gorian only  common  years  of  365  days  :  in  thefe  all  the  letters  muft  be 
removed  one  place  forwards  in  a  diredl  order  ;  and  either  year,  inftead  of 
having  two  Dominical  letters  (as  fuppofe  D,  C),  will  have  only  one 
(as  D),  the  Dominical  letters  moving  retrograde. 

i2i.  The  Lunar  Cycle,  or  cycle  of  the  Moon  (and  fomctimes 
called  the  Metonic  Cycle,  from  Melon,  an  Athenian  who  invented  it 
about  432  years  before  the  time  of  Chr'iji),  is  a  period  of  nineteen  years. 
containing  all  the  variations  of  the  days  on  which  the  new  and  full 
Moons  happen  \  after  which  they  fall  on  the  fame  days  they  did  19  years 
bc^'orc. 

C  c  4  The 
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The  PRIME5  or  Golden  Number,  is  the  number  of  years  elapfed  in 
this  cycle. 

At  tb.c  birth  of  ChriJ}  ihc  golden  rftimbcr  was  2. 

For  many  years  after  t!ic  Nuctic  CcuKcil^  it  was  thought  that  19  folar 
years,  or  22S  folar  months,  were  cxavilly  equal  to  235  fynodical,  or  lunar, 
jr.ontlis  :  and  that  the  fami;  yearly  golden  Jiwnber  fet  in  their  calendars 
a;:ainli  the  days  when  the  new  Moons  happened  throughout  one  lunar 
cycle,  would  invariably  ferve  for  the  new  JVIoong  of  corrcfponding  years 
thrcui^hout  every  fucceiiive  lunir  cycle.  But  l.ler  obfcrvations  {hew, 
th;'t  this  cycle  is  lefs  tl^.an  19  years,  by  :-.  little  more  than  one  hour, 
tu'cnty-clgii:' minutes  i  therefore,  the  new  Moons  will,  in  a  little  lefs 
than  311  years,  h.ij-pen  a  day  earlier  th;in  by  the  Metonic  account  ;  and 
confequcntJ)  all  the  fellivals  depending  on  ilu*  new  Moons,  will  iii 
Ti;no  i'C  removed  into  other  fcafons  of  the  ye?r  than  thofc  which  they  fell 
in  at  their  hrli  infiitution  :  thus  the  new  Moons  in  the  year  175c  hap- 
pcjieJ  above  4^  days  earlier  than  the  times  {hewn  by  the  calendar.  But 
were  tlie  golden  numbers,  when  once  prefixed  to  the  proper  new  Moon 
c'.'.ys  in  a  Alctonic  period,  to  be  fet  a  day  c_ar!icr  at  the  end  of  every  310,7 
v«ar^,  a  pretty  regular  correfpondcncc  mij^ht  be  preibrvcd  between  the 
Ibhr  and  lunar  years. 

122.  The  EpACT  of  any  year  is  the  Moon's  r.^e  the  beginning  of  tiiat 
year  >  that  is,  the  days  pait  fmcc  the  laft  new  Moon. 

The  time  between  new  Moon  and  new  Moon  is  in  the  nearcft  round 
r.nmbers  29^  days  ;  therefore  the  lunar  ye?.r  confifling  of  12  lunations 
inuft  be  equal  to  354  days,  wiiich  is  1 1  days  lefs  than  the  folar  year  of 
365  days.  Now  fuppofing  the  folar  ai'id  lunar  years  to  begin  together, 
iVic  enact  is  c  ;  the  bcgimiing  of  the  next  folar  year,  the  epact  is  1 1  ; 
th'2  3d  year  tlie  cpadl  is  22  ;  the  fourth  33,  .?cc.  But  when  trie  epact 
exceeds  31"),  an  intercalary  month  of  30  days  is  added  to  the  lunar  year, 
m-iking  it  conlift  of  13  months  ;  fo  that  the  cpa(5t  at  thelieginning  of  the 
4111  year  is  only  3,  the  5th  14,  the  6th  25,  the  7th  36,  or  only  6,  on  ac- 
count of  the  intercalary  month  ;  and  fo  on  to  the  end  of  the  cycle  of  19 
vears ;  at  the  expiration  of  which  the  Aime  epacfs  would  run  over  again, 
v.cre  the  cycle  pcrfeJi ;  ar.d  the  epact  v/ould  alv.ays  be  ii  times  the 
prime. 

123.  By  the  Niccne  Council  it  v/as  enacled, 

lit.  That  Lafter-day  fiiould  be  celebrated  after  the  vernal  equinox, 
v>hich  at  that  time  happened  on  the  21ft  of  March. 

2d.  That  it  fhould  be  kept  after  the  full,  or  14th  6yy  of  that  Moon 
v.hich  happened  firft  after  the  2irt  of  March  in  common  years,  and  firf!: 
after  t!;e  2Cth  of  March  in  le~p-vears. 

3d.  Tl;at  the  Sunday  next  foljovvir:;  t!ic  I4.th,  ordayo  full  Moon, 
ihould  be  Eafter-Sunday  :  which  maft  always  fall  betv,-een  the  20th  or 
lift  of  March,  and  25th  of  April. 

124.  The  Moon's  Sdu'ihint.  at  any  place  is  the  time  wlicn  fhc 
comes  to  the  meridian  of  that  p'lacc,  v/hich  is  every  day  later  by  about  ^ 
(A  an  hour;  becaufe  24,  the  hours  in  a  day,  being  divided  by  30,  the  r.um- 
her  of  times  which  flie  pafll-s  the  meridir.n  between  new  I.loon  and  new 
Moon,  will  give  t  =48'  for  the  retardation  of  her  pahage  over  the  meri- 
a.'^n  ia  one  day. 
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The  Sun  and  Moon  come  to  the  meridian  at  the  fame  time  on  the  day 
of  the  change,  or  at  new  Moon ;  alfo  the  Moon  comes  to  the  oppofite 
part  of  the  lame  meridian,  when  flie  is  in  oppofition,  or  at  full  Moon. 
Hence  between  new  and  full  fhe  comes  to  the  meridian  in  the  afternoon  ; 
at  full  fhe  comes  to  the  meridian  at  mid-night  3  and  when  pad  the  full, 
after  mid-night,  or  in  the  morning. 

125.  The  Roman  Indiction  is  a  cycle  of  15  years,  ufed  by  the  an- 
cient Romans  for  the  times  of  taxing  the  provinces.  Three  years  of  this 
cycle  were  elapfed  at  the  birth  of  Chrift. 

The  DioNYSiAN  Period  is  a  cycle  of  532  years,  arillng  by  multi- 
plying together  28  and  ig,  the  folar  and  lunar  cycles  ;  it  was  contrived 
by  Dionysus  ExigutiSy  a  Roman  abbot,  about  die  year  of  Chrift  527,  as  a 
period  for  comparing  chronological  events. 

The  Julian  Period  contains  7980  years;  it  arifes  by  multiplying 
together  28,  19,  15,  the  cycles  of  the  Sun,  Moon,  and  Indi(fi:ion.  This 
was  alfo  contrived  ?.s  a  period  for  chronological  matters  ;  and  its  begin- 
ning falls  710  years  before  the  ufual  date  of  the  creation. 

On  the  principles  laid  down  in  the  preceding  articles  depend  the  folu- 
tion  of  the  following  problems. 

126.  Problem  I.     ToJJ;:cI  whether  any  given  year  is  leap-year. 
Rule.  Divide  the  given  year  by  4  ;  if  o  remains,  it  is  leap-year  j  if  i, 

2,  or  3  rem?.ins,  it  is  fo  many  yearr,  after. 
Obferving  that  the  years  iS'oo,  1900,  21C0,  6cc.  ?rc  common  years. 


Exam.  I.     /j  1788  leap-year  ? 
4)1788(447 


Remains  o,  fo  it  is  leap-year. 


Exam.  II.   Is  i-jSj  leap-year? 
4)1737(4^.6 

Remains  3  years  pr.fl  leap-year. 


127.  Problem  II.  To  f/ul  the  years  cf  Ir.:  f^Aar^  lunar,  and  indiSlion  cycles. 
Rule.    Tcj  the  given  year  add  9  for  the  fo'ar,  i  for  the  lunar,  3  for  the 
iiulictioM  :    Divide  the  fums  in  order  by  28,  19,  15;   the  remainder  in 
taca  fhevvs  the  year  of  its  refpeCtivc  cycle. 

Exam.   Required  the  year:  of  tl}e  fc'ar,  Innar,  a-::d  indiOion  cycles  for 


yea! 


17-7 


7^7 


18)1796(64 


19)17-8(94 


'5)i790("9 


Remains  4rzK>lar  cycle.         z=;Iunar  eye.  or  "[olden  N '.  ^^rrindit'l.  cycle. 
Whcrehy  it  ajipcars  f  4th  year  oAhc  65th  f  )j;-.r  cvcio  ^  fincc  the 

iJiat  tiic  yc.ir  I/H7   S  2J  )c;-.r  of  the  95!.!!  hi'!:-,    '-'.cij  ^  birth    of 

i^  fix  C  5th  yc.r  of  the  :2'.t/.  i;:J:>,tio.i  cycle       J  Ch.ill. 
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128.  Problem  III.  To  find  the  Dominical  letter  till  the  year  1800. 

Rule.  To  the  given  year  add  its  fourth  part,  divide  the  fum  by  7  ; 
the  remainder  taken  from  7  leaves  the  index  of  the  letter  in 
common  years,  reckoning  a  i,  b  2,  c  3,  &c. 
But  in  leap-year,  this  letter  and  its  preceding  one  (in  the  retrograde  order 
which  thefe  letters  take),  are  the  Dominical  letters. 

Exam.  II.  For  the  year  1788. 
4)1788 
447 


Exam.  I.  For  the  yetar  1787. 

4) '787 
446 


7)2233(3 »9 


Remains  o.  Then  7 — o=r7=:G. 
So  G  is  the  Dominical  letter. 


7)2235(319 


Remains  2.  Then  7 — zrrjrre 

So  F  and  e  are  the  Dominical  letters. 


And  in  this  manner  vi^ere  the  follov^ing  numbers  computed. 
For  the  Dominical  letters  during  the  i8th  century. 


Solar  cycles     1234 
Pom.  letters  dc    b     a    c 


5 

FE 


9    10 

AG    F 


II     12     13     14 

E        D      CB      A 


Solar  cycles  15   16   17   18 
Dom.  letters  c     f    ed   c 


19  20  21  22 

B       A    GF     E 


23   24  25   26  27   28 

D       C      BA      G       F       E 


The  year  1800  being  a  common  year,  ftops  the  above  order,  and  the 
follow^ing  are  the  Dominical  letters  for  the  19th  century. 
Solar  cycles     i     2     3     4     5     6     7     8     9  10  ii   12  13  14. 
Dom.  letters  ed   c     b     a  gf    e     d     c    ba  g     f     e    dc   b 

Solar  cycles   15   16  17   18  19  20  21   22  23  24  25  26  27  28 
Dom.  letters  agfed     c     bagf     edcba     g     f 

129.     Problem  IV.     To  find  the  Epa£i  till  the  year  i<)QO. 

Rule.  Multiply  the  golden  number  for  the  given  year  by  n,  and  di- 
vide the  produd  by  30  ^  from  the  remainder  take  11,  and  it 
will  leave  the  epadl. 

If  the  remainder  is  lefs  than  11,  add  19  to  it,  and  it  gives  the  epa£l 


Ex.  I.  To  find  the  epad  for  1783. 
The  Golden  number  is  17.  (127) 
Multiply  by  1 1 


Remains 
Add 


30)187(6 
180 

7 
19 


Ex.  II.  To  find  the  epaSl  for  1786. 
The  Golden  number  is  01  (127) 
Multiply  by  11 


Subtraa 


II 
1 1 


Remains  the  Epadl      =00 


Confequently  the  Epa£l  is  26 

And  thus  might  the  follovv'ing  numbers  be  found. 
Gold.  N""  I    2     345     6  7    8    9  10  II  12  13  14  15  16  17  18  19. 
Epads    2g  II   22  3  14  25  6  17  28    9  20    I  12  23    4  15  26    7  18. 
The  epafts  here  proceed  by  the  diftcrence  11,  rcjcding  thirties. 

130.  Pro- 
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13Q.  PR03I.EM  V.     To  find  the  Moan's  agt. 

Rule.  To  the  epaft  add  the  number  and  day  of  the  month ;  their 
fum,  if  under  30,  is  the  Moon's  age ; 
but  If  it  be  above  30,  take  30  from  it,  and  the  remainder  will  be  the 
Moon's  age,  or  days  fince  the  laft  conjun<5lion. 

The  numbers  of  the  months,  or  monthly  epai£ls  are  the  Moon's  age 
at  the  beginning  of  each  month,  when  the  folar  and  lutlar  ye»rs  begin  ta- 
gcther  J 

5021  23  4  56  78  9        10. 

\  Jan. Feb.  Mar.  Apr.  May, June, July,  Aug.  Sept. Oa.  Nov. Dec. 


And  are 


Exam.  I.  JVImt  is  the  Moon's  age 
on  the  ii\th  of  Oiiober,  '^I'^l  ^ 
The  epaft  is  2  (129) 

The  N*  of  month  8 

The  day  of  the  month  14 


The  fum  is 


24  the  Moon's 
—  age. 


E  X  A  M .  1 1 .  JVhat  is  the  Moon 's  age 
on  the  igth  of  March,  1786  /* 
The  epaft  is  o.  (^29) 

Then  o+i  +29^=30  is  the  fum  of  the 
epa£l,  number  and  day  of  the  month. 
And  30— 3or:o  is  the  Moon's  age. 


131.  The  day  of  next  new  Moon  is  readily  found  by  taking  her  age 
from  30. 

The  day  of  new  Moon  in  any  month  is  equal  to  the  diiFerence  between 
the  fum  of  the  year's  and  month's  epa(5ts,  and  30.     Thus.; 

On  March  29,  the  Moon  is  o  days  old. 

So  that  new  Moon  is  on  the  29th. 

Now  c  +  I  =  I ,  is  the  fum  of  the  epafts. 

Then  3c — 1  =229,  the  day  of  new  Moon,  as  it  fhould  be. 


132. 


Problem  VI,     The  day  of  the  month  in  any  year  being  giveUy  td 
know  on  what  tveek-day  it  will  fall. 

Rule.  Find  the  Dominical  letter  (128)  :  alfo  the  week  day  on  which 
the  firft  of  the  propofed  month  falls  (118)  ;  and  hence  the  name 
of  the  propofed  day  of  the  month  will  be  known ;  obferving 
that  the  lit,  8th,  15th,  22d,  and  29th  days  of  any  month  fall 
on  the  fame  week-days. 


Ex.  I.  On  ivhat  day  of  the  zveek  does 
the  I4,th  of  Oct.  fall,  in  IjSj  f 
The  Dominical  letter  is  G.  (128) 

The  illof  Odoberis  a,  (u8) 

Therefore  Odlober  7th  is  Sunday. 
Confctjuently  i^-th  is  alfo  Sunday. 


Ex.  II.     In  1788,  on  what  week^ 
day  does  the  20th  of  March  fall  f 
The  Dominical  letter  is  B.  (128) 

The  ift  of  March  is  D,  (118) 

Then  March  2d  is  Sunday. 
And  fo  March  20th  is  Thurfday. 


133.  Pro. 
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133.  Problem  VII.    To  find  when  Eajier-day  will  fall  in  any  year  be^ 
tween  ijoo  aiiJ  iS<)g. 

P.ULE.  P'ind  what  day  that  new  Moon  falls  on  which  is  neareft  to  the 
21ft  of  March  in  common  years,  or  to  the  20th  in  leap-years  ; 
then  the  Sunday  next  after  the  full,  or  15th  day  of  that  new 
Moon,  will  be  Eaftcr-ilay. 
If  the  15th  day  fall  on  a  Sunday,  the  next  Sunday  is  Eafter-day. 


Ex.  I.    ll^jen  dees  Eajlcr- day  fall 
in  the  year  1787  ? 

The  Dominical  letter  is  c.  (128) 

March  21,  Moon's  age  is  3.         (130) 
New  Moon  on  March  18. 
The  15th  day  is  /^pril  2. 
April  the  ift  is  g,  on  Sunday. 
Then  Eaftcr-Sunday  is  April  8th. 


Ex.  II.  R.e  quired  the  time  ofEaJler- 
day  in  the  year  1 788  ? 
The  Dominical  letter  is  e.  (128) 

March  20,  Moon's  age  13.  ('3°) 

New  Moon  on  March  7  th. 
full  Moon  on  March  22. 
March  ift  is  d,  on  Saturday. 
Then  Ealler-Sunday  is  March  23d. 


134.  Eaftcr-day  is  always  found  by  the  Pafchal  full  A^oons,  and  thefe 
are  readily  found  in  the  follov.iiTg  curious  table,  which  was  communi- 
cated to  the  Royal  Society  in  the  yc.ir  1750,  by  the  Earl  of  Macclesfield, 
and  publi/hed  in  the  Philofophlcr.l  TVani'actious  for  the  fame  year  j  and 
its  uic  fhewn  in  the  following  precepts.  , 

"  To  find  the  day,  on  which  the  Pafchal  limit,  or  full  Moon,  falls  in 
"  any  given  year  ;  look,  in  the  column  of  golden  numbers  belonging  to 
**  that  period  of  time  wherein  the  given  year  is  contained,  for  the  golden 
"  number  of  that  year  ;  over-againil  which,  in  the  fame  line  continued 
"  to  the  column  intitled  Pafchal  full  Moons,  you  will  find  the  day  of  the 
"  month,  on  whicli  the  Pafchnl  limit,  or  full  Aloon,  happens  in  that 
**  year.  And  the  Sundiynext  after  that  day  is  Eafter-day  in  that  vear, 
*'  according  to  the  Grcpx)rian  account." 

His  Lordfhip  al:b  ^~ave  witii  the  t'o'^jwing  tabic  an  account  of  the  prin- 


ciples upon  which   he  conilriictcJ   it  \ 
f^sders  may  confui:,  if  t:i..y  nl':-. 


v/aich  the  more  inquifitivc 
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A  Table,  fhewing,  byi means  of" the  Golden  Numbers,  the  fcveral  d?.ys  on 
which  the  Pafchal  limits,  or  full  Moons,  according  to  ths  Gregorian  ac- 
count, have  already  happened,  or  will  hereafter  happen  ;  from  the  Re- 
formation of  the  Calendar  in  the  year  1582,  to  the  year  4199,  inclufive. 


Golden  Numbers 

from  the  year  1583  to  1699,  and  fo  on  to  4199,  all  inclufive. 

Palchal 
full  Moons. 

";8^ 

17CX) 

1900  a20o 

2300  2400  250c  26oo|29oo|3ioo'340o|35oo 

3600  3700 

3800 

4100 

Days  of  the 

to 

to 

to  1    to 

to   1     to  1    to 

to        to 

to  1    to       to 

to       to 

to 

to 

month  and 

1699 

i8q9 

21992299 

239924992599 

2899I3099I3399  3499J3599 

3699  3709 

4099 

4199 

Sun.  letters. 

1 

14 

— 

6 

17 

6 

17 

—        9 

— 

I 

12 

1  ;  12 

— 

4 

March  21.C 

■? 

1+ 

— 

& 

— > 

b 

17      — 

9 

— 

I 

—■  !    1 

12 

"—  . 

•         22  D 

I J 

3 

14 

— 

14 

— 

^  I   'I 

— 

9 

— 

9  1  ~ 

I 

12 

23  E 

— 

II 

— 

3 

14 

3 

14 

—       6 

17 

— 

9 

—      9 

— 

I 

,          H  r 

19 

— 

1 1 

— 

3  1  - 

3 

14     — 

6 

17 

— 

17  1  •— 

9 

-.         \5G 

8 

ip 

— 

1 1 

—      1 1 

— 

3      14 

— 

6 

17 

6  1  17 

— 

9 

'    kA 

_ 

8 

iq 

— 

1 1      — 

II 

—        3 

14 

— 

b 

— 

b 

'7 

— 

•           27  K 

16 



8 

19 

■-      '9- 

— 

11      — . 

3 

14 

— 

14 

— 

b 

J7 

28  C 

S 

16 

— 

8 

19  1     8 

•9 

—      1 1 

— 

3 

14 

3 

14 

— 

b 

29  D 

5 

16 

— 

8  1  _  ;    8 

19      — 

1 1 

— 

3 

-  '     3 

14 

— 

30  B 

n 

— . 

S 

16 

—    16 

— 

S 

>9 

— 

1 1 

— 

II   j  — 

3 

>4 

3»  V 

2 

11 

S 

16        5 

16 

— 

8 

'9 

— 

II 

'' 

— 

3 

April       1  G 

— 

2 

M 

— 

5     — 

5 

lb 

— 

8 

'§ 

— 

•9 

1 1 

— 

2  A 

10 

_ 

2 

n 

—   ,  »3 

— 

S 

lb 

— 

8 

19 

8 

19 

— 

1 1 

3  B 

— 

10 

— 

13  I     2 

13 

— 

5 

lb 

— 

8 

—         i 

19 

— 

4C 

10 



10 

— 

2     — 

2 

•3 

— 

S 

id 

— 

16   1  - 

S 

19 

51^ 

iS 

— 

10 

—      10 

— 

2 

'3 

— 

5 

lb 
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— 

8 

6E 

7 

18 
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10 

— 

2 

n 

— 

S 

-  1     5 

lb 

— 

7F 

■5 

7 

18 
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— 

10 

— 

2 

'3 
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s 

16 

8G 

4 

'5 

7 
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18 

— 

10 

— 
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5 

9A 

4 

«5 

— 
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>o 
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'3 

— 
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12 
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— 
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2 

M 
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I 
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— 

2 
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I 
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10 

— 
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Q 

— 
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— 
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7   '   '8 

— 

!0 
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f) 
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18 

— 
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17 
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4 
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7 

18 
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6 

17 
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M 

7 
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'4 

6 
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135.  Proi:i.em  VIII.      To  find  the  time  of  the  jj/loon' s  fcuthing  on  a  g'rofri 

day. 

Rule.  The  Moon's  age  in  days,  multiplied  by  0,8,  gives  the  time  of  her 
fouthing,  nearly,  in  hours  and  tenth  parts. 
That  time,  if  lefji  than  12  hours,  is  the  time  after  mid-uay. 
But  if  greater,  the  excefs  is  the  time  after  lail:  midnight. 

P2x.  I.    yit  what  time  does  the  Monn         Y.X.   II.     Required  the  time  of  the 
come  to  the  meridian  of  London,  on  the    Moon  i  f.nthing  on  the  lot))  of  Aiarch^ 
l^th  cfOclcber,  lyU-J  F 
The  Moon's  age  is  3  days. 

Which  multiplied  by  o,S 


Moon    So.     2''  24"'=:  2,4. 


.788.^ 

The  Moon's  nj^e  13  days.     (i3«) 

Which  multiplied  by    o.B 

Mocn  So.    lo'-  24"  11:10,4. 


Farh  tenth  part  of  an  hour  being  6  minutes,  any  nuir.bcr  of  fuch  tenth 
parts  nrjItipHcd  by  6,  produces  minutes. 


xr4 
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136,  Problem  IX.  ^0  find  the  time  ef  high-water  at  any  place. 

KuLE.   To  the  time  of  the  Moon's  fouthing  add  the  time  the  Moon 
has  palled  the  meridian  on  the  full  and  change  days  to  make 
high-water  at  that  place  ;  the  fum  fhews  the  time  of  high- 
water  on  the  given  day. 
The  time  of  high-water,  on  the  full  and  change  days,  is  found  in  the 
right-hand  column  of  the  geographical  table,  art.  137,  againft  the  name 
of  the  place. 


Ex.  I.  On  the  lifih  (f  OHoher 
j-jSy^  at  what  time  will  it  be  high- 
water  at  London  ? 

MoonfoDtiisat  2h.  2401.  Oss) 

H.W.  atLond.  3        o  on  fyzygics 

Sam    5      24 

H.W.  at  5h    24m.P.M.  on  the 

day  propofed. 


Ex.  II.  Required  the  time  when  it 
will  be  hiph-water  atUjhant  on  March 
20//?,  1788. 

Moon  fouths  at         loh.  24m.    (13O 
High-water  at  Uftiant  4     30       P.M. 


Subtrafl 

High -water  at 
the  day  propofed. 


H     54 

12        CO 


2     54  A.M.  on 


The  V.  VIII.  IX.  problems  preceding  have  folutions,  fuch  as  are  com- 
mon in  books  of  pilotage,  and  v^hich  in  fome  cafes  will  produce  con- 
clufions  confiderably  wide  of  the  truth  ;  it  has  therefore  been  judged  ne- 
ceffary  to  confider  thefe  articles  in  a  more  accurate  manner  in  Book  IX. 
of  Days  works. 


^Z7* 


SECTION     IX. 


A  Geographical  T'able. 


Containing  the  latitudes  I5nd  longitudes  of  the  chief  towns,  iflands,  bays, 
capes,  and  other  parts  of  the  fea-coafts  in  the  known  world,  collecSled 
from  the  mod  authentic  obfervations  and  charts  extant  3  with  the  times 
of  high-water  on  the  days  of  the  new  and  full  Moon. 

The  longitudes  are  reckoned  from  the  meridian  of  London.  By  the 
latitude  and  longitude  of  an  ifland,  or  harbour,  is  meant  the  middle  of 
that  place. 

Note.  B.  ftands  for  bay;  C.  for  cape ;  R.  for  river;  P.  for  port; 
Pt.  for  point;  I.  for  Ifle  ;  St.  for  faint;  G.  for  gulf;  M.  (01; 
mount ;  Eu.  for  Europe  ;  Am.  for  America  ;  Atl.  for  the  Atlan- 
tic ;  Ind.  for  Indian  ;  Med.  Sea  for  Mediterranean  Sea  ;  Wh. 
Sea  for  White  Sea  ;  Archip.  for  Archipelago  ;  Nov.  Sco.  for 
Nova  Scotia  ;  Phil.  I.  for  Phii-ppine  Ifles  ;  Adriat.  for  Adria- 
tic ;  Eng.  for  England  ;  D.  Ncth.  for  the  Dutch  Netherlands : 
Befides  other  contractions  which  will  be  eafily  underftood. 
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Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.Water. 

A 

I.  Abacco,  5  N.  point 
or  Lucayos  I  S.  point 

Am. 

Bahama  I.     Atl.  Ocean 

C  2°7   12  N. 
;'26  isN. 

77  05"'^.' 
77  01 W. 

Abbreviak 

£u. 

'ranee 

ing.  Channel 

48  32  N. 

4  15W. 

4h.  30m. 

St.  Abb/head 

Eu. 

Scotland 

Germ.  Ocean 

55  55  N. 

1  56  W. 

I.  Abdeleur 

Africa 

Anian 

Indian  Sea 

M   55  N. 

51  45  E. 

Aberdeen 

Eu. 

Scotland 

Germ.  Ocean 

57  06  N. 

01  44  W. 

0    4S 

Abo 

Eu. 

'inland 

Baltic  Sea 

60  27  N. 

22   15  E. 

Abrolhos  Bank 

Am. 

Brafil 

Atl.  Ocean 

18  22    S. 

38  45W. 

AbroUo  Bank,  N.  part 

Am. 

Sah^tma 

Atl.  Ocean 

21    33  N. 

69  50W. 

Achen 

Afia 

[.  Sumatra 

[ndian  Ocean 

5  22  N. 

95  40  E. 

Aden 

Afia 

Arabia 

[ndian  Sea 

12  55  N. 

45  35  E- 

I.  Admiralties 

Eu. 

Nova  Zem. 

North  Ocean 

75  05  N. 

52  50  E. 

Adventure  Iftand 

Afia 

Soc.  Ifles 

Pacif.  Ocean 

17     6  S. 

144  18  W. 

I.  Agalega,  or  Gallega 

Africa 

Madagafcar 

Indian  Ocean 

10  15    S. 

54  46  E. 

C.  St.  Agnes 

Am. 

Patagonia 

S.  Atl.  Ocean 

53  55   S. 

66  29  W. 

Agra 

Afia 

India 

Mogul's 

26  43  N. 

76  49  E. 

I.  St.  Agufta 

Eu. 

Dalmatia 

Adriatic  Sea 

42  40  N. 

18  57  E. 

C.  Ajuga 

Am. 

Peru 

Pacif.  Ocean 

6  38   S. 

80  50  W. 

B.  Alagoa 

Africa 

Carters 

Indian  Ocean 

25  30  S. 

33  33  E. 

K.  Aland 

Eu. 

Sweden 

Baltic  Sea 

60  20  N. 

21    30  E. 

R.  Albany 

Am. 

NewS  .Wales 

Hud.  Bay 

52  35  N. 

85   18W. 

I.  Alboran 

Africa 

Algiers 

Medit.  Sea 

36  CO  N. 

2-27W. 

Aldborough 

£u. 

England 

Germ.  Ocean 

52  20  N. 

I  25  E. 

9    45 

I.  Aldcrney 

Eu. 

England 

Eng.  Channel 

49  48  N. 

2  iiW. 

i»    00 

Aleppo 

Afia 

Syria 

Medit.  Sea 

35  45  N. 

37  25  E. 

Alexandretta 

Afia 

Syria 

Medit.  Sea 

36  35  N. 

36  20  E. 

Alexandria 

Africa 

Eg^'pt. 

Medit.  Sea 

31   11  N. 

30   17  E. 

1 

I.  Algeraaca 

Africa 

Canaries 

Atl.  Ocean 

29  23  N. 

15  53W. 

Algiers 

Africa 

Algiers 

Medit.  5ea 

36  49  N. 

2   18  E. 

. 

Alicant 

Eu. 

Spain 

Medit.  Sea 

38  34  N. 

0  07  W. 

I.  Alicur,  Llpari  If. 

Eu. 

Italy 

Medit.  Sea 

38  3,  N. 

14  37  E. 

Alkofir 

Africa 

Egypt 

Red  Sea 

26  20  N. 

34  41  E. 

1 

B.    All    Saints,    or  7 
Todos  Sanftos       J 

Am. 

Brafil 

Atl.  Ocean 

13  05    S. 

38  45W. 

Almcria 

Eu. 

Spain 

Medit.  Sea 

36  5:  N. 

2  15W. 

i 

If.  Almirante,           ]' 
limits                       '! 

Africa 

Zanguebar 

Indian  Sea 

S    5  45   S. 
1  4  30  s. 

51   30  E. 
55  40  E. 

St.  Alphonfo'i  If. 

Am. 

T.  delFuego 

Pacif.  Ocean 

55  51    S. 

69  28  W. 

Altur 

Afia 

Arabia 

Red  Sea 

28  20  N. 

34  19  E. 

R.  Amazons,              ]' 
mouths                    I 

Am. 

Terra  Firma 

Atl.  Ocean 

0  30  S. 

C47  35 W. 
249  20  W. 

6    CO 

I.  Amboyna 

Afia 

Molucca  I. 

Indian  Ocean 

425N. 

127  25  E. 

Anibrym 

Afia 

N.  Hebrides 

Pacif.  Ocean 

16   10    S. 

168   12  E. 

If.  Ambrofi 

Am. 

Chili 

Pacif.  Ocean 

26  40   S. 

82   30  W. 

I.  Ameyland 

Eu. 

D.  Neth. 

Germ.  Ocean 

53  30  N. 

6  20  E. 

7     30 

I.  Amoy 

Afia 

China 

Pacif.  Ocean 

24  30  N. 

iiS  45  £. 

Amrtcrdam 

Eu. 

D.  Neth. 

Germ.  Ocean 

52  23  N. 

C4  52  E. 

3    00 

I.  Amflcidum 

Afia 

Madagafcar 

Indian  Ocean 

37  55   S. 

75    »5  E. 

I.  Amftcrdam,  or     7 

Tonga-'Iauu           'j 

Afia 

Friendly  If. 

Pacif.  Ocean 

21  09   S. 

174  41  w. 

8     30 

I.  Anabona 

Afiica 

Eth.  Coaft 

.'^tl.  Ocean 

2   36   S. 

5  35  E. 

I 

Ancor.a 

Lu. 

Itn'iy 

Mcditcrran. 

43   38  N. 

13  31   E. 

II.  Andaman,            7 
limiti                      3 

Afia 

India 

B.  Bengal 

t  14  00  N. 

l 10  o3  N. 

93  03  E. 
93  35  E. 

I.  Andaro 

Afia 

India 

Indian  Ocean 

10  CO  N. 

73  40  E. 

, 

l.St.AnderOjSotovcnf 

Am. 

Mexico 

Atl.  Ocean 

12   30  N. 

8,    35W. 

C  St.  Andiea 

Afiica 

Madagafcar 

Indian  Ocean 

1  5  46    S. 

45  21  E. 

St.  Andrew  s 

Eu. 

Scotland 

Germ.  Ocean 

56   18  N. 

2   37W. 

2     15     \ 

If.  Androf.    jJ^-P^i^^Am. 
I  S.  point 

Biharna  I. 

Atl.  Ocean 

f  25  00  N. 
^23   30  N. 

77   5SW. 
77  coW. 

1 

If.  Ang.nfay                     Africa 

M:idagafcar 

Indian  Occ,i:i 

17  00    S. 

58  40  K. 

C.  St.  Angelo                Eu. 

rurk-cy 

Arthip'-'iago 

36  27  N, 

33   38  E. 

Mount 
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Cont. 

Countries. 

Coaft^ 

Latitude. 

Longitude. 

Te  16  E. 

H.  Water. 

M-unt  St.  Angelo 

feu. 

Italy 

Mcdit".  Sea 

o       , 
41  42  N. 

R.  d'Angra 

Africa 

Ethiopia 

»J.  Ati,  Ocean 
indian  Ocean 

01  00  N. 

9  35  E- 

C.  J'Anguilhas 

Africa 

Caftefs 

34  SO   S. 

20  06  E. 

1.  AnguilU 

Am. 

Antilles  If. 

Atl.  Ocean 

18  15  N. 

62  S7W. 

C.  Anguillc 

Am. 

Mewfoundl. 

Atl.  Ocean 

47  55  N. 

59  iiW. 

1.  Anholt 

Eu. 

[Denmark 

Sound 

56  40  N. 

12  00  E. 

oh.oom. 

C.  Anne 

Am. 

New  Eng. 

Weft.  Ocean 

42   50  N. 

70  27  W. 

C.  Queen  Anne 

•Am. 

Greenland 

^lorth  Ocean 

64  15  N. 

50  30W. 

Q^  Anne's  Foreland 

Am. 

N.  Main 

^udfon's  Str. 

64  08  N. 

74  36  w. 

Annamocka,  or        7 

Afia 

Friendly  If. 

'acif.  Ocean 

20  16    S. 

174  30  w. 

Rotterdam              5 

Annapolis  Royal 

Am. 

Mova  Scotia 

3.  Fundy 

44  52  N. 

64  00  w. 

1.  Aiitego 
Antibcs 

Am. 

Caribbce  If. 

Atl.  Ocean 

16  57  N. 

61  56W. 

Eu. 

France 

VIedit.  Sea 

43  35  N. 

7  09  £. 

I.    Ante-  J  W.  point 

coft       i'  E.  point 

Am. 

Canada 

;;  B.  St.Lau- 

49  52  N. 

64  04 W. 

l  rence 

49   10  N. 

61  42  W. 

Antiocheita 

Afia 

Syria 

Medit.  Sea 

36  o3  N. 

36   17   E. 

C.  d'Antifer 

Eu. 

France 

Eng.  Channel 

49  47  N. 

0  34  E. 

C.  Antonio 

Am. 

Ifie  Cuba 

Atl.  Ocean 

21  45  N. 

84  05  W. 

1.  St.  Antonio 

Africa 

Cape  Verd 

Atl.  Ocean 

J  7  00  N. 

25  02  W. 

C.  St.  Antony 

Am. 

Magellan 

Atl.  Ocean 

54  46,  S. 

63  42  vv. 

Antwerp 

Eu. 

Flanders 

R.  Schcld 

51    13  N. 

4  24  E. 

6     00 

B.  Apaiaxy 

Am. 

Florida 

G.  Mexico 

30  00  N. 

83   53W. 

I.  Apalioria 

Afia 

India 

Indian  Ocean 

9  08    S. 

79  40  E. 

Aquapulco 
Aquatulco 

Am. 

Mexico 

Pacif.  Ocean 

17   10  N. 

10 1  40  W. 

Am. 

Mexico 

Pacif.  Ocean 

15  27  N. 

96  03W. 

Archangel 

Eu. 

RufTia 

White  Sea 

64  34  N. 

38   59  E. 

6     00 

I.  d' Areas 

Am. 

Mexico 

G.  Mexico 

20  45  N. 

92  35W. 

Arica 

Am. 

Peru 

Pacif.  Ocean 

18  27    S. 

71  05 W. 

^l.  Arran 

Eu. 

Ireland 

St.  Geo.  Ch. 

54  48  N. 

8   59  W. 

II     00 

I.  Afccnfion 

Am. 

Brafil 

Ati.  Ocean 

7  56   S. 

14   j8W. 

ii.  AlVinaria,                7 

Eu. 

Italy 

Medit.  3ea 

41  06  N. 

8   36  E. 

1     Sardinia                  J 

'r.  Afhlcy 

Am. 

Carolina 

Atl.  Ocean 

33  22  N. 

79  50  W. 

0    45 

:R.  Allcne 

Africa 

Guinea 

Atl.  Ocean 

5  30  N- 

2  20  W. 

I.  Altores 

Afri^ra 

MaJagafcar 

Indian  Ocean 

10  22    S. 

53  -5  E- 

[Athens 

Eu. 

Tuikey 

Archipelago 

38  5n: 

23   52  E. 

lAtkin's  Key 

Am. 

Bahama  Iflcs 

Atl.  Ocean 

22  07  N. 

74  26  w. 

iAtwood's  Kevs 

Am. 

Bahama  Ifics 

Atl.  Ocean 

21   22  N, 

72  04W. 

!C.  Ava 

Afia 

Japan 

Pacif.  Ocean 

34  45  N- 

141  00  E. 

If.  Aves,  Sotovento 

Am. 

Terra  Firma 

Atl.  Ocean 

15  26  N. 

66   15W. 

C.  St.  Auguftine 

Am. 

Brafil 

Atl.  Ocean 

8  .t8  S. 

35  coW. 

C.  St.  Augurtine 

Afia 

Mindanao 

Pacif.  Ocean 

6  40  N. 

126  25  E. 

,St.  Auguftine 

Am. 

Florida 

Atl.  Ocean 

30  10  N. 

81   29  W. 

7     30 

'Auiora 

Afia 

N.  Hebrides 

Pacif.  Ocean 

15     S    S. 

168   17  E. 

;Aydhab 

Africa 

Egypt 

Red  Sea 

21    53  N. 

36  26  E. 

lAvlah 
Babelmondel  Straits 

Afia 

Arabia 

Red  Sea 

29  08  N. 

35  41   ^^ 

Africa 

Abyflinia 

Red  Sea 

12   50  N. 

<3  50  E. 

,C.  BaLa 

Afia 

Natolia 

Archipelago 

39  33  N. 

26   22   E. 

I.  Bacliian 

Afia 

Moliiccalfies 

Pacif.  Ocean 

00  40  N. 

123  00  E. 

I.  Bahama 

Am. 

Bahama  llles 

Atl.  Ocean 

16  45  N. 

78   35  W. 

|Bahama  Bank,  N.  pt. 

Am. 

Bahama]  lies 

Atl.  Ocean 

27   50  N. 

78  43  W. 

'C.  Bajador 

Africa 

Ncgroland 

Atl.  Ocean 

26  29  N. 

14  36W. 

0     00 

Baker's  Dozca 

Am. 

Labrador 

Iludfon's  Ba\ 

57     0  N. 

Balafor 

Afia 

India 

B.  Bengal 

21   20  N. 

86  00  E. 

Baldivia 

Am. 

Chili 

Pacif.  Ocean 

.'  39  jS    S. 

73  20 W. 

I.  Ba;i 

Afia 

Sunda  Iflcs 

Indian  Ocean 

S  05    S. 

114  30  E. 

jBahlmore 

Eu. 

Ireland 

Weft.  Ocean 

51    16  N. 

9  26  VV. 

4     30 

i,     „            CS.end 

Afia 

Sunda  Ifles 

Indian  Ocean 

\    3. '5    S. 

107   10  E. 

;'•  ^'""-'    2N.W.end 

2  I  -50  s. 

105  30  E. 

1.  B.\nda 

Afia 

Mohiccalfles 

Indian  ()c :  in 

4  30  N. 

127  25  E. 
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Names  of  Places. 

(%nt. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.Water. ' 

Banjav 

Afia 

I.  Borneo 

Indian  Ocean 

o    ,  . 
2.27    S. 

0 
113 

50  E. 

Banks's  Ifle 

Afia 

N.  Zealand 

Pacif.  Ocean 

43  45    S. 

172 

40  E. 

Bantam 

Afia 

I.  Java 

Indian  Ocean 

6  IS    S. 

106 

2s  E. 

B.  Bantry 

Eu. 

Ireland 

Atl.  Ocean 

SI  45  N. 

10 

4b  W. 

I.  Barbadoes          7 
Bridge-town      y 

Am. 

Caribbeelfles- 

Atl,  .Ocean 

13  05  N. 

59 

36W. 

C.  Barbas 

Africa 

Sanaga 

N.  Atl.  Ocean 

21  so  N. 

16 

26  W. 

I.  Barbuda 

Am. 

Caribbeelfles 

Atl.  Ocean 

17  46  N. 

61 

47  W. 

C.  Barcam 

Eu. 

Greenland 

North  Ocean 

78   18  N. 

20 

06  E, 

Barcelona 

Eu, 

Spain 

Mcdit.  Sea 

41   26  N. 

2 

18  E. 

C.  Barfleur 

Eu. 

France 

Eng.  Channel 

49  38  N. 

I 

16W, 

jh.  30m. 

Bargszar  Point 

Eu. 

Iceland 

North  Ocean 

66  30  N. 

17 

12W. 

I.  Bardfey 

Eu. 

Wales 

St,  Geo.  Cha. 

52  44  N, 

coW. 

(C.  Barfo 

Eu. 

RuiTia 

White  Sea 

66  30  N. 

3S 

00  E. 

(I.  Bartholomew 

Am. 

Caribbeelfles 

Atl,  Ocean 

17   56  N. 

63 

ilW. 

|I.  de  Bas 

Eu. 

France 

Eftg.  Channel 

48  50  N. 

4 

coW. 

3    45     i 

BafTora 

Afia 

Arabia 

Periian  Gulf 

29  45  N. 

47 

40  E. 

C.  BalTos,  or  Baxos 

Africa 

Anian 

Indian  Sea 

4  12  N. 

47 

07  E. 

iBafTos  de  Panhos 
i  Baflbs  de  Chagos 

Africa 

Zanguebar 

Indian  Ocean 

5  00    S. 

48 

08  E. 

Afia 

India 

Indian  Ocean 

6  42    S. 

68 

20  E. 

I.  BafTus  dcs  Indes 

Africa 

Zanguebar 

Indian  Ocean 

21    19    S. 

41 

43  E. 

Baravia 

Afia 

I.  Java 

Indian  Ocean 

6  12    S, 

106 

45  E- 

Bayonnj 

Eu. 

France 

B.  Bifcay 

43  30  ^'• 

I 

30  W. 

3     30 

jBiyojia  Ides 

Eu. 

Spain 

Atl.  Ocean 

41  45  N. 

9 

oiW. 

Bcachy  Head 

Eu. 

England 

Eng.  Channel 

SO  44  N. 

0 

25  E. 

0    00 

iB.-ar-bay 

Eu. 

Greenland 

North  Ocean 

79   10  N. 

24 

IS  E. 

iN.  Bear  7 

Am. 

Labi-adore 

Hudfon's  Bay 

C  S4  40  N. 

IZo 

oW. 

12     00 

jS.  Bear    J 

I  54  =5  ^'• 

s 

El.  Bccrenberg 
'Rjlchcr'sincs 

Eu. 

North  Ocean 

71  45  N. 

4 

30  E. 

Am. 

Labradore 

Hudfon's  Bay 

S6     0  N. 

83 

4W. 

;  Bclfaft 

Eu. 

Ireland 

Irilh  Sea 

54  43  N. 

s 

52  W. 

10      0 

(Be!li(l» 

Eu. 

France 

B,  Bifcay 

47  2'  N. 

3 

13W. 

3     30 

;Bei;i<l-! 

Am. 

iS'^v.f.und. 

Atl.  Ocean 

51    55  N. 

55 

25  W. 

BcmLridgP  Point 

Eu, 

Ifie  Wight 

Eng.  Channel 

50  41   N. 

I 

5W. 

iStraitb  ot  Eellific 

Am. 

Ncwfoundl. 

Atl.  Ocean 

SI  48  N. 

56 

coW. 

ll'.ell  Sound 

I'ln. 

Grceal^i'.d 

North  Ocean 

77   '5  N. 

12 

40  E. 

JHeiicoIin 

Afia 

i.  Sumatra 

Indian  Ocean 

3  49    S. 

102 

5  E. 

:Eeng.il 

Alia 

Jr.Jia 

B.  Bengal 

22  00  N. 

92 

45  E- 

,Bcrgrn 

Eu, 

Ncrv.sy 

Weftcrn  Oc. 

6o   10  N. 

6 

14  E. 

Berlin 

£l1. 

Germany 

R,  Elbe 

S-  33  I^'- 

13 

26  E. 

J.  Bfrrr.iid.Tj 

Am, 

iiahsmalflet 

Atl.  Ocean 

32   35  N. 

63 

23W, 

7      CO 

I.  Berni.ija 

Am. 

Mexico 

G.  Mexico 

21  40  N. 

02 

53W. 

1  Berwick 

F.u. 

Engl.'.nd 

Germ.  Ocean 

55  45  1^'- 

I 

50  W. 

2     30 

:Berrv  I'oint 

Eu. 

iinj.l:md 

En^.  Channel 

5^  37  N. 

3 

49  w. 

Birl'  inu:.d 

Am. 

Aca-ia 

G.  St.  Lawr. 

47  44  N- 

60 

24  w. 

Bilboa 

Eu, 

Sjain 

15,  Bilc.iy 

43  26  N. 

3 

iSW. 

'l.  du  Bic 

Am. 

Acadia 

R.  St,  Lawr. 

48   30  N. 

68 

36  v/. 

2      0 

Bl;ckncv 

Eu. 

Eri',!...r-d 

Germ.  Ocean 

53  ?-o  N. 

0 

55  E. 

6    CO 

Kl.iLi:  PV.rit 

Eu. 

Grcciilar.d 

North  Oce.in 

78  CO  N. 

10 

50  E. 

;  Black  Ille 

Eu. 

Nova  Zcm. 

North  Occ.-.a 

72    S2   N. 

5" 

35  E- 

,C.  Blanco 

Africa 

N'gr..li-.nd 

Atl.  Ocean 

20   55  N. 

17 

sw. 

9    45 

C.  Blanco 

Am. 

Pat.it^onia 

-Atl.  Ocean 

47   •■,0    S. 

64 

37  W. 

C.  Bhnco 

Eu. 

"G  reel. land 

Nouli  Ocean 

77   5^  N. 

20 

04  E, 

C.  B:ur,.3 

Am. 

Mexico 

P.Kif.  Ocean 

9  42  N. 

S5 

55W. 

:I.  Blanco,  S  -tivcr.to 

Am. 

Ten  a  Firma 

Atl,  Ocean 

II   42  N. 

64 

20  W. 

Bir.ncl.nrt  Rut'; 

l-lu. 

France 

Erg.  Channel 

49  42  N. 

z 

c.^W. 

0      CO 

ini'fq'^'-s 

l-.j. 

IrHand 

Atl.  Ocean 

52  00  N. 

10 

56W. 

I  iilavct,  or  Fort  Louii 

Eu. 

Fisi.ce 

B.  Bifcay 

47  45  N. 

3 

13W. 

3      0 

n  /CKiili.;* 

Am. 

Terra  Firma 

Carib.  Sea 

iw  io  N. 

75 

30  w. 

iBwialola 

Afia 

Society  in. 

Pncif.  Ocean 

)6   33    S. 

•5' 

52  w. 

•R.  B';:i>..-.V3 

Afia 

£:i..:r.a 

P..t;r.  Oce.-.n 

i;2  48  N. 

'57 

CO  E. 

J.  norr.l..-,' 

.Afia 

India 

Indian  Occ;i!. 

''^   57  N- 

72 

43JL-. 

Vol.  I. 
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Names  ot'  PI.jcps. 

Cont. 

Countries. 

Coaft.      ■ 

Latitude. 

Longitude. 

H.  Water.' 

1 
Bona 

Africa 

Tunis 

Mediterran. 

o 
37 

08  N. 

0      , 
7   10  E. 

C   Bona 

Africa 

Tunis 

Mcditerran. 

37 

10  N. 

10  00  E. 

C   Bona  vift* 

Am. 

Newfound!. 

Atl.  Ocean 

48 

54  N. 

52  33  W. 

I.  Bcna  vitU 

Africa 

C.Verdlfici 

Atl.  Ocean 

16 

05  N. 

22  42  W. 

C.  Bom  forrup.a 

Eu. 

Ruflia 

White  Sea 

65 

35  N. 

3S  25  E. 

I.Binayre.Sotovento 

Am. 

Terra  Firma 

Atl.  Ocean 

II 

52  N. 

67  20  w. 

B.  r.onaventura 

Am. 

Terra  Firma 

Pacif.  Ocean 

3 

18  N. 

76  50 w. 

iC  lion  Efptrancc 

Africa 

Carters 

Indian  Ocean 

34 

2q     S. 

18  23  E. 

3h.  ot5m. 

Bo'j-deaux 

Eu. 

France 

B.  Bifcay 

44 

50  N. 

0  3c  w. 

3     00 

£   f  Eaft  point          T 

r  I 

12  N. 

! 17   10  E. 

;  E   )  Weft  point        C. 
■ce    )  North  point       ("' 

Afia 

Indian  Ocean 

[^ 

15  N. 
05  N. 

108  57  E. 
113  40  E. 

j-J  t-  South  point      J 

L  3 

32    S. 

112  05  E. 

I.  Bor-  7  Borneo        7 
neo    5  Succadano  '_' 

Afia 

Indian  Ocean 

\i 

00  N. 
50    S. 

112  15  E. 
108  35  E. 

I.  Birriholra 

Eu. 

Sweden 

Baltic  Sea 

55 

12  N. 

15  50  E. 

Boftin' 

Eu. 

England 

Germ.  Ocean 

53 

10  N. 

0  25  E. 

Boiton 

Am. 

Mew  Eng. 

Atl.  Ocean 

4z 

25  N. 

70  32  W. 

Bit.'.nyine 

Afia 

M. Caledonia 

Pacif.  Ocean 

22 

27  s. 

167   12  E. 

Bo*  my  Bay 

Aha 

N.  Holland 

Pacif.  Ocean 

34 

00    S. 

151   28  E. 

Boulogne 

Ell. 

France 

Eng.  Channel 

50 

44  N. 

1  40  E. 

10     30 

I.  Bourbon,  Sr.  Den. 

Africa 

Mad.igafcar 

Indian  Ocean 

20 

52    S. 

55  35  E. 

1.  St.  Brandon 

Africa 

Madagafcar 

Indian  Ocean 

16 

45    S. 

64  4.8  E. 

B.  Briindvvyns 

Eu. 

Greenland 

North  Octran 

79 

^0  N. 

26  20  E. 

I.  Bravas 

Africa 

C.  Verd 

Atl.  Ocean 

'4 

54  N. 

2445W. 

Bremen 

Eu. 

Germany 

R.  Wcfer 

53 

30  N. 

9  00  E. 

6  '  00 

Breefound,  a  fand 

Eu. 

D.  Neth. 

Germ.  Ocean 

53 

12  N. 

5   »5  E. 

4     30 

Brf^flau 

Eu. 

Silefia 

R.  Oder 

51 

03  N. 

17  13  E. 

Br<:ft 

Eu, 

France 

B,  Bifcay 

48 

23  N. 

4  26W. 

3     45 

¥.  Brcft 

Am. 

New  Britain 

Weil.  Ocean 

5^ 

10  N. 

52  30W. 

Cape  Bret 

Afia 

N.  Zealand 

Pacif.  Ovcan 

35 

07    S. 

173   52  E. 

B-ii'gc  Town 

Am. 

I.  Barbadoco 

Ad.  Ocean 

'3 

05  N. 

59  36  W. 

1 

Bridlington  Bay 

Eu. 

England 

Germ.  Ocean 

54  07  N. 

00  04  E. 

3     45 

Brill 

Eu. 

D.  Neth. 

Germ.  Ocean 

51 

56  N. 

4  10  E. 

I     30 

Bri.-.n  ir.e 

Am. 

Acadia 

G.  St.  Eawr. 

47 

50  N. 

60  47  W. 

B/.ftol 

Eu. 

England 

St.  Goo.  Ch. 

51 

28  N. 

2  30  W. 

6    4.5 

C.  Briftol 

Am. 

Sandwich  L. 

Atl.  Ocean 

59 

2    S. 

26  46  w. 

r_,S   f  Loulibourgli 

C45 

54  N. 

59  55W. 

;_)  2  J  I.  Scateri 

Am. 

Acadia 

Atl.  Ocean 

^46 

01   N. 

61   57W. 

j:t^   i  North  Cape 

I47 

05  N. 

60     8  W. 

^  r  I.  Mathias 

r  ^ 

00    S. 

147  50  E. 

'H  I    N.irth  point 

"' 

30    S. 

14S  40  E. 

^1    S.W. -point 
.     )   Strait  Dimpier 

Afia 

New  Guinea 

Pacif.  Ocean 

CO    S. 
15    S. 

146  37  E. 
146   15  E. 

:^  1   C.  St.  George 

5 

30    S, 

150   55  £. 

l*^  L  I.  St.  Jehu       . 

1 4 

20     S. 

152  40  E. 

|r-uchurier<i 

Eu. 

Scotland' 

Germ.  Ocean 

57 

29  N. 

1   23W. 

3     00 

lEucr.os  Awes 

Am. 

Brafil 

Atl.  Ocean 

34 

35    S. 

58  26W. 

JC.  BuUer' 

Am. 

S.  Georgia 

Atl.  Ocean 

53 

ss  S. 

37  40 w. 

BurgaforJ  point 

Eu. 

Iceland 

North  Ocean 

66 

03  N. 

16  34  w. 

Burpco.lilos 

Am. 

Ncwfoundl. 

Atl.  Ocean 

47 

36  N. 

S7  3'W. 

Burlings,  rocks 

Eu. 

Portugal 

Atl.  Ocean 

39 

20  N. 

9   32  W. 

Burlington 

Eu. 

England 

Germ.  Ocean 

"   54 

DO  N. 

0  08  E. 

Bi'.tton's  Hies 

Am. 

New  Britain 

HuJf.  Straits 

60 

35  N. 

65  20 W. 

6     50 

Capi  Byron 

Afia 

N.  Zoabud 

Pacif.  Ocean 

2S 

39    S. 

153   3'   E. 

Byron's  Iflc       , 

C 
I.  Cabrera 

Afia 

Pacif.  Ocean 

I 

iS    S. 

J  70     6W. 

Eu. 

Italy 

Mediterran. 

43 

10  N. 

9   ri  E. 

'C.-.i-.z 

Eu. 

Spain 

Atl.  Ocean 

36 

31   N. 

6  07W. 

4     30 

C:,cr. 

Ku. 

France 

Em,'.  Channel 

49 

11   N. 

0   17W. 

9       00 

CL.g!iari,  I.  Sardin'a 

Eu. 

Italy 

Mc~dit.  Sea 

39 

25  N. 

9   3S  E. 

!C  j.ii-bniif^ 

lEu, 

Finland 

Baltic  Sea 

64 

J_3j^ 

27  51   E. 

1 
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Calabar 


Ifles   Caicos,   or    7 

Cankrofs,  from  J 
COld 
I  New 
C.  Calaberno 
Calais 

C.  Calamadon 
Calcutta 
Caldera 

Caldy 
Calecut 
Cairo 
Callao 
1.  Great  Camanis 

Little  Camanis 
Camboida 
Cambridge 
Cambridge 
C.     Cambron,     or 

Carbon 
C.  Cameron 
R.  Camerones 

Cam:rone3 
Camfer,  a  land 
Camin 
C.  Campbell 
Compeachy 
I.  Canaria 
C.  Candenofe 

{C.  Sr,  John,  W 
end 
Candia 
C.  .Solomon,   E 
tnd 
|Cancia 

Candk-m.is  IHcs 
:1.  Ca.iiu 
i'C,  Canfo 
Canfo  Fafiiige 
\Q,  Cantin 
jCanrin.',  Mul 
jiCantoa 
i.Cape  Town 
il.  Cjiiri 
IJL  Curr.>va 
'*C.  C.i:af\r 
'iCar.icc! . 

i|C,iric.,'-iri;-icl'.iitsiriC. 
j|C.,ri-u;..  r.-.n; 
C,i-lelL!''ori 
Carlillc 
C.  C-,::r.cl 

j-Cuniinc  Illc:,  limitj 

I'C.  C,irth.:;'e 
',t  ..rt:.>g':ri 
IX  i;  Ifi.^.r'nc 

|:r.:rrfr<-'s  in.- 

V.<:  n%\  Sw.in  b  Noil 

k. 


Cili'.in;.'cr 


jiL  St    Ouwriiic'' 


Am. 

Africa 

Afia 

£u. 

Afia 

Afia 

Afia 

Eu. 

Afia 

Africa 

Am. 

Am. 

Am 

Afia 

Ell. 

Am. 

Africa 

Am. 

Africa 

Am. 

Eu. 

Eu. 

Alia 

Am. 

Africa 

Eu. 


Eu. 


Alia 

Am. 

Alia 

Am. 

Am. 

Africa 

L.U. 

Alia 

AtVica 

Eu. 

Eu. 

Alia 

Am. 

Am. 

Am. 

Eu. 

Eu. 

.^lia 

Ada 

Africa 

Am. 

Eu, 

Afii 

Am. 

Eu. 

Ilu, 

A-r,. 


Bahamalfles  Atl.  Ocean 


Natolia 

France 

India 

India 

\.  Mindano 

England 

India 

Egypt 

Peru 

Weft  Indies 

Weft  Indies 

India 

England 

N,  England 

Algiers 

New  Spain 

Guinea 

iMasrclian 

D,  Neth. 

Germany 

N.  Zealand 

Yucatin 

Canaries 

Ruffia 


Turkey 


1,  Ceylon 

Simdwicli  L. 

India 

Nova  Scotia 

Nova  Scotia 

Barbary 

Scotland 

China 

Carters 

Italy 

Italy 

India 

Terra  Firma 

Greenland 

Calitoriila 

.Sweden 

Enrjland 

Svria 


lEth.  Ocean 

Archipelago 
Eng.  Channel 
IB'.  Bengal 
|B.  Bengal 
iPacif.  Ocean 
St.Geo.  Ch. 
Indian  Ocean 
R.  Nile 
Facif.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Indian  Ocean 


Medit.  Sea 

Atl,  Ocean 
[Atl.  Ocean 
Atl.  Ocean 
jGerm.  Ocean 
Baltic 

Pacif.  Ocean 
JAtl.  Ocean 
JAll,  Ocean 
North  Ocean 


;, Barbary 
ITcrra  I'irma 
ISpriin 
(New  Britain 


jl.  Guerr.fey 

lTuik;y 

'Br.ilU 


Medlt.  Sea 


Indian  Ocean 
Atl.  Ocean 
Indian  Ocean 
-Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Weft  Ocean 
Pacif.  Ocean 
Atl.  Ocean 
Mcdit.  Sea 
Mcdit.  Sea 
B.  Beng.d 
'Atl.  Ocean 
[Baffin's  Bay 
Pacif.  Ocean 
[Baltic 
ilrilh  S-a 
Levant 

Pacif.  0;can 

Mcdit.  Sea 
Caribbean  Sc.i 
Mcdit.  Se* 
Pacif.  O.cin 
Hudfon.  B..\ 
Eng.  Cli.inr..-1 
Archipel.  1^0 
Atl,  Oco:.ii 


[ 21  27  N, 
I  12  5  N. 
\  A-  30  N. 
I  5  00  N, 
" 38  42  N, 

50  58  N, 

10  22  N. 
22  35  N, 

7  00  N, 

51  33  N- 

11  15  N. 
30  02  N, 

12  2  S. 
19  18  N, 
19  421N, 
10  35  N. 

52  13  N. 
42  25  N. 

37  18  N, 

15  35  N 

3  30  N. 

44  50  S. 

53  33  N. 

54  04  N. 
41  51  S. 
19  36  N. 
28  01  N. 
69  25  N. 

35  '2  N- 
35  19  ^• 


34  57 


N. 


7  54 
57  10 


N. 

S, 

30  S. 


7  . 

45  '8 

45  30 

32  41 

55  -2 

23  08 

33  55 

40  34  N. 

43  '^3  ^'• 

19  22  N. 

10  06  N. 

77  15  N. 

3:s  24  .\. 

51  20  N. 

54  47  ^'■ 

33  oS  N 

7  10  N. 

12  OQ  N. 

■36  52  N. 

10  2  7  N . 


37 
62 

49 

40 

-7 


71  24 W. 

72  15W. 

8  10  E. 
7  00  E. 

26  44  E. 
01  51  E. 
80  40  E. 

85  54  E. 
121  25  E. 

5  14W. 

75  39  E. 
31  26  E. 

76  53W. 

80  29  W. 
79  20  W. 

104  45  E. 

0  9  E. 
71  sW. 

4  58  E. 

S3  29 W. 

9  10  E. 
67  loW. 

5  30  E. 
15  40  E. 

174  41  E. 
90  S3W. 
15  oV/. 
45  30  E- 
23  54  E. 
25  23  E. 

27  06  E. 

81  53  E. 
27  13W. 

77  55  E- 

60  48  W. 

61  coW. 
9  o  I  W, 
5  45W. 

113  07  E, 
18  23  E. 
14  II  E , 
10  15  E, 

86  05  E. 
66  45 W, 

62  00  W. 
124  2  5\V. 

'5  3'  i'- 
2  55W. 

35  35  E. 
137  25.  E. 

IZ7  2,  I.. 

:o  -,i  1. 

1  ^  \  W. 

1,-9  14  i;. 

2  7.6  W. 


llh.  30m. 


s   15 


3   o 


4>)  I 


W. 


D  a  a 


Cat 
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N»mcs  of  Places. 

Cent. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.  Water. 

■       ■ 

,-,  ^j.    ^  N.  point 
I  >  pont 

Am. 

Bahama 

Atl.  Ocean 

o      , 
C  24  so  N. 
I  zi  48  N. 

0 

75 
75 

38  W. 
3SW. 

Cathncfi  Point          7 
1     Dinnet  Head          5 

Eu. 

Scotland 

Weft.  Ocean 

58  42  N. 

3 

17W. 

9h.  00m. 

Ca::nea 

Eu. 

I.  Sicily 

Medit.  Sea 

42  40  N. 

20 

30  E.- 

C.  Catocha 

Am. 

New  .Spain 

Caribbean  Sea 

20  48  N. 

86 

35W. 

I.  Cayenne 

Am. 

Terra  Firma 

Atl.  Ocean 

A  56  N. 

5^ 

loW. 

r"N.  E.  point 

r  I  43  N. 

124 

37  E- 

S      W.  point 

I     3  00  s. 

J17 

55  E- 

'S  J  S.  W.  point  Ma- 

Af.a 

Spice  Ides 

Indian  Ocean 

s  ..  s. 

"7 

50  E. 

_:  /  S.  point 

/     5  40   S. 

119 

55  E. 

1      (_S.  E.  point 

L  5  ^0  s. 

121 

58  E. 

jl.  Cephalonii 

Eu. 

Turkey 

Medit.  Se.x 

38  20  N. 

20 

II  E. 

'Ceuta 

Africa 

Barbary 

Medit.  Sea 

35  49  N. 

5 

25  W. 

1     ^Ir.fanapatam,  N. 

r    9  47  N. 

80 

55  E. 

,T-.]  Trinquemale,    S. 
';j  )       E.  end  ' 

AHa 

India 

Indian  Ocean 

J     S  40  N, 

Si 

40  E. 

:_•/  C.  Gallo,S.Weft 

1     6  27  N. 

g. 

10  E. 

L      end 

L    6  15  N. 

80 

20  E. 

Cliain  Illand 

Afia 

•Society  Ifles 

Pacif.  Ocean 

17  25    S. 

'45 

30  W. 

Chmdei'agar 

Afia 

Bengal 

River  Ganges 

22  51   N. 

38 

34  E- 

■Charles  Town 

Am. 

Carolina 

Aftiley  River 

33  ^'-  N- 

79 

50  W. 

3       0 

C.  Charles 

Am. 

Virginia 

Atl.  Ocean 

37   11   N. 

76 

07  W. 

I.  ot    7  Eaft  end 
CbaHes  J  Weft  end 

Am. 

Labradore 

Hudfon's  Str. 

C  62  46^N. 
I  62  48  N' 

74 
75 

15W. 

30  w. 

10     15 

C.  Charles 

Am. 

New  Britain 

Weft  Ocean 

51  50  N. 

51 

loW. 

Charlotte's  Ifles 

Afia 

Guadalcanal 

Pacif.  Ocean 

11     0    S. 

164 

0  E. 

C.  Charlotte 

Am. 

S.  Georgia 

Atl.  Ocean 

54  3^    S. 

36 

12W. 

JO^  Charlotte's  Sound 

Afia 

N.  Zealand 

Pacif.  Ocean 

41     6    S. 

174 

19  E. 

9      CO 

jQ^ Charlotte's  Foreld. 
I.  Charlton 

Afia 

N.Caledonia 

Pacif.  Ocean 

22  15    £. 

167 

i3  E. 

Am. 

New  Wales 

Hudfon's  Bay 

52  03  N. 

79 

00  W. 

Ch.itteaux  Bay 

Am. 

Labradore 

All.  Ocean 

52     I  N. 

55 

50  \V. 

B.  Chebuao 

Am. 

Nova  Scotia 

Atl.  Ocean 

44  45  N. 

63 

18  W. 

Chcignedo 

Am. 

Nova  Scotia 

B.  Fundy 

46   15  N, 

63 

II  w. 

0    45 

Chsrbo'jrgh 

Eu. 

France 

Eng.  Channel 

49  3S  N. 

01 

33  W. 

7     30 

C  Kerry  I  lie 

Eu. 

Greenland 

North  Ocean 

74  35  N. 

18 

05  E. 

Che.ler 

Eu. 

England 

Iriih  Sea 

53   10  N, 

2 

25W. 

iChiddocic                   ■* 

Eu. 

England 

Eng.  Channel 

50  47  N. 

3 

00  W- 

|C.  Chidlsy 

Am. 

New  Britain 

Hudf.  Straiti 

60  22  N, 

65 

00  w. 

^  S.  point 

Am. 

Patagonia 

Pacif.  Ocean 

C41  45    S. 
243  50    S. 

73 

05  "W. 

C.  Chicki>t;">.igo 

Afia 

Siberia 

North  Ocean 

64  00  N, 

174  45 W. 

iChriftiana 

Lu, 

Norway 

Sound 

59  25  ^'• 

JO 

30  E. 

iChrJitianopIe 

Eu. 

Sweden 

Baltic  Sea 

55  55  N. 

15 

10  E. 

iChriftianftadt 

Eu. 

Sweden 

G.  Bothnia 

6a  47  N. 

22 

50  E. 

'Chrift.Tsa?  Sound 

Am. 

T.  del  Fueg-' 

Pacif.  Ocean 

55    22     S. 

70 

01  W. 

2     30 

jl.  St.  Chriftopher's 

Am. 

Carih.  Ifles 

Atl.  Ocean 

17  15  >f- 

62 

38W, 

|R.  St.  Ch-.iaoph.u-'s 

Africa 

Cift-crs 

Indian  Ocean 

32  47    S. 

30 

00  E. 

IC.  Chukvrhcnle 

Afia 

Siberia 

North  Ocean 

66  30  N. 

171 

loW. 

jC.  Cliurchill  I 
R.Chiirchiil^ 

Am. 

New  Wale. 

Hudfon's  Bay 

r  58  48  N, 
i  58  47  JN'- 

93 
94 

loW. 

03  W. 

7     20 

I.  Chi. fan 

Aha 

China 

Chinefs  Sea 

30  CO  N. 

I2I 

50  £. 

Civita  Vecchia 

Eu, 

Italy 

Medit.  Sea 

42     5  N. 

I  I 

51   E. 

iC.  Clear 

Eu. 

Ireland 

Weil.  Ocean 

i;i    18  N. 

9 

50  W. 

4     30 

'•:icrk-s  Lies 

Am. 

S.  Georgia 

Atl.  Ocean 

^5     6    S. 

i7Vv^. 

|(.  Cioate 

Afia 

Ir.dia 

Indian  Ocean 

22    CO     S. 

95 

40  E. 

■''och::i 

Afia 

India 

Indian  Ocea:, 

9  50  N. 

76 

05  E. 

'.  Cccos 

Afia 

India 

Indir.n  Ocean 

12  20    S. 

cjS 

10  E. 

1  .  Coco:. 

Am. 

/.loxico 

Pac-.f.  Oec.:n 

5  cc  N. 

oS 

4  5  W. 

'■'.  C  :-! 

Am. 

Nf'v  Eng.      At).  Oec.n 

42   15  N. 

69 

27  W. 

Colchefter 
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Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.  Water, 

Colcheftsr 

Eu. 

England 

Germ.  Ocean 

0          / 

52  00  N. 

0  .  / 
0  58   E. 

C,  Cold 

Eu. 

Greenland 

North  Ocean 

79  00  N. 

10  00  E. 

C.  Colnet 

Afia 

N.Caledonia 

Pacif.  Ocean 

20  30    S. 

164  56   E. 

R.  Colerado 

Ana, 

New  Spain 

G.  California 

31  40  N. 

US  25W. 

I.  Colgau 

Eu. 

Ruffia 

North  Ocean 

69  20  N. 

45  CO   E. 

Coliioure 

Eu. 

Spain 

Medit.  Sea. 

42  31  N. 

3   10   E. 

C.  Colone 

Eu. 

Turkey 

Archipelago 

37  43  N. 

24  41    E. 

C.  Colone 

Afia 

Natolia 

Archipelago 

39   10  N. 

27  04  E. 

C.  Colonni 

Eu. 

Italy 

Medit.  Sea 

38  56  N. 

iS  05   E. 

C.  Colviile 

Afia 

N,  Zealand 

Pacif.  Ocean 

36   27    S. 

174  48    E. 

Comana 

Am. 

Terra  Firma 

Atl.  -Ocean 

10  00  N. 

65  07 \V. 

jC,  Comarin 

Afia 

India 

Indian  Ocean 

7  55  N- 

78     7   E. 

C.  Comfort 

Am. 

New  Wales 

Hudfon's  Bay 

64  45  N. 

S2  30  W. 

Concarncau 

Eu. 

France 

B.  Bifcay 

47  54  N. 

3  SOW. 

jh.  00m. 

C.  Conception 

Am. 

Calefornja 

Pacif.  Ocean 

35  40  N. 

126  01  w. 

B.  Conception  Entra 

Am. 

Nev/foundl. 

Atl.  Ocean 

48  25  N. 

50  07  w 

Conception 

Am. 

Chili             |Pacif.  Ocean 

36  43    S. 

-    73   13W. 

R.  Congo 

Africa 

Congo           |Ech.  Ocean 

5  45    S. 

II   53   E. 

I.  Coningen 

Afia 

N,  Zealand  iPacif.  Ocean 

54  50    S. 

164  25  E. 

Coningfburgh 

Eu. 

Poland           Baltic  Sea 

54  44  N. 

21   53    E. 

Conquet 

Eu, 

France           Eng.  Chancel 

48  30  N. 

4  35^- 

2     15 

C,  Conquibaco 

Am. 

Terra  Firma  Atl.  Ocean 

12   15  N. 

69  57  W. 

Ccnftantinopie 

Eu. 

Turkey 

Archipelago 

41  00  N. 

28   53  E. 

Coolc'i  Straits 

Afia 

N.  Zealand 

Pacif.  Ocean 

41     6    S. 

174  30   E. 

Cooper's  llle 

Am. 

S.  Georgia 

Atl.  Ocean 

.54  57    S. 

36     0  W. 

Copeahrigcn 

Eu. 

Denmark 

Baltic  Sea 

55  41  N. 

12  40   E. 

CoDcrwic 

Eu. 

Norway 

Sound 

59  20  N. 

10  lo   E. 

]1.  CopLind 

Eu. 

Ireland 

irilh  Sea 

54  40  N. 

6  40  W. 

I,  Cocjuet 

Eu. 

England 

Germ.  Ocean 

55  20  N. 

I   25  W. 

3     00 

R.  Coquimbo 

Am. 

Chili 

Pacif,  Ocean 

29   54    S. 

71    10  W. 

C.  Corbau 

Afia 

Natolia 

Archipelago 

38  03  N. 

26  58   E. 

Cordoue 

Eu. 

France 

B.  Bifcay 

45  30  N. 

01   loW, 

Corel,  South  llir,lt 

Afia 

China 

Pacif.  Ocean 

34  50  ^• 

?  124  25   E. 
I  127  25    E. 

I.  Corfu 

Eu. 

Turkey 

Mcditerran. 

39  50  N. 

19  48   E. 

iC.  Coricntes 

Africa 

C."..'t-rcs 

Indian  Ocean 

24  08    S. 

36  49    E. 

{C,  Coricntcs 

Am. 

Mexico 

Pacif.  Ocean 

20   18  N. 

ic3  00  W. 

|C<.rir.:h 

Eu. 

Turkey 

Archipelago 

37  30  N. 

23  00  E. 

Corlce 

Eu. 

Ireland 

St.  Geo.  Ch. 

51  54  N- 

8  30  W, 

6     30 

jC.  Coronation 

Afia 

N.CalcdoniaTacif.  Ocean 

22     5    S. 

167     8   E. 

IC.  Corlc 

Africa 

Guinea 

E:h.  Sea 

5   12  N. 

0  23  W. 

3     30 

1  ^  r  C.   Corfo,   Ncrt'n 

'.£  \       pCiint 

1  S  1  Bunlacio,     Sou'.h 

i      (.      point 

Eu. 

Italy 

Mcditerran. 

C42   53  N. 
^41  22  N. 

9  40  E. 
9  26  E, 

I,  Corvo 

Fu. 

Azores     ^ 

Atl.  Ocean 

39  42  N. 

31    C2W. 

ll.  Cofmolcdo 

Africa 

Mad.'.gafcar 

Indian  Ocean 

10  28    S. 

51   40  E. 

I.  Cou.irc 

Am, 

Canada 

R.  St.  Lawr. 

47  3«   N. 

69     2W. 

Cw  ,in'i  C\lf 

Eu. 

l:T!:,nd 

Well.  Ocean 

51   vz  N. 

10  30  W. 

I.  Cozuir.cl 

Am. 

Yucatan 

Atl.  Ocean 

19   36  N. 

86  35  V.'. 

R.  Cocci 

Afi.i 

China 

B.  N.mkin 

34  t.6  N. 

120   10  E. 

CromT 

Eu. 

Engl.uid 

Germ.  Ocean 

53  05  N. 

0  56  E. 

7     00 

t  rr'okcfi  I.  N.  point 

Am. 

Bahama 

Atl.  Ocean 

22  47  N. 

73   5'^^^'- 

Crof.  Ifc 

Ea. 

Ruifia 

Whit^  Sea 

66  31  N. 

36   33  E. 

Crr,!';  l\  int 

Eu. 

Nova  Zcm. 

Nortii  Ocean 

72  00  N. 

SI    12   E. 

'..  Cr.i7. 

Africa 

Barbary 

-Atl.  Ocean 

30  36  N. 

9   3^W. 

'1.  Sr.  Crvz 

Am. 

Aniillc-.  I. 

Atl.  Ocean 

17   53   ^^• 

C4   55  W. 

_  C  V.    Aiuonio,  W. 

i\       l-nt 

21  45  N. 

S4  05W. 

'-'^  !'.    <ic    Mais,    t. 

-J   1        point 

Am. 

Antillco  I. 

Atl.  Ocean 

20  03  N. 

74  5iW. 

I       L  H  <li'/.'.  C-ip- 

L  19  4^  ^■ 

77  -5W. 

10. 
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'J 


St.  lago 
St.  Mary 
J  <  Le  St.  Efprit 
Havannah 

B.  Hondy 
Cubbs  Ifles 
Cubello 

C.  Cumberland 
Cumberland  Ifles 

B.  Cumberland 
Curaflba 
I.Cuzzola 
Cufco 

C.  BafTa,  W.  end 
C.  St.  Andr.   E. 

end 
C.    de  Gafte,  S. 

point 
C.  Grr?o,  S.  E. 

point. 
I  D. 

■DjbLl 
iDihlak 

jlfles  or"  Danger 
il.  DajTOor":  ^ 

I     Light-houfe 
Dantzic 
|Str.  Dardanek 
Gulph  Darieu 
•'Dartmo'irh 
I.  Dauphin 
St.  David".  Head 
Tort  St.  David'i 
I.  Dcfcada 

C,  D.:fesdi 
C.  Det"ue 

C.  Drlbiation 
jDevil's  Ides 
!De»'point 

I.  Diego  R  lyes 

jl.  Diego  Garcia 

Str.  Diemen 

I,  Dicu 

Dieppe 

Digge's,  or  Dudley's 

Cine 

C.  Dij-s  . 
I'o.  Diu 
C.  DoSbi 

St.  D 'luinrro 
Hilp.r.irrii 
DorTiin'-  1 


Am. 


Am. 

A(ia 

lAlia 

Afia 

Am. 

Am. 

Eu, 

Am. 


Afia 


Afia 
Alia 
Alia 

Eu. 

Eu. 
Eu. 
Am. 
Eu. 


Antilles  I. 


New  Wales 
Ind.  Malab. 
N.  Hebrides 
SocieOy  I  Acs 
North  Main 
Terra  Firma 
Turkey 
Peru 


SV4 


India 
Arabia 


Coaft. 


Atl.  Ocean 


fludfon's  Bay 
ndian  Ocean 
Pacif.  Ocean 
Pacif.  Oeean 
Davis's  Str. 
Atl.  Ocean 
Mcdit.  Sea 
Inland 


Medit.  Sea 


.Arabian  Sea 
Red  Sea 


Society  Iflfs  Pacit.  Ocean 
Livonia  Baltic  Sea 


m. 


Eu. 

Alia 

Am. 

Am. 

Eu. 

Am. 

Eu, 

Alia 


Poland 
jTurkey 
'Terra  Firma 
.England 
Louifuna 
|Walcs 
India 

jCarib.  Ifles 
;T.  delFucgo 
Nova  Zcm 
;  Greenland 
[Greenland 
India 


Afia     ilnd.  Malab. 


Africa 
Afia 
E.J. 
Eu. 


India 

Ijapan  Ifles 
France 
Fr  mce 


I  Am.     iGrecnland 


I 

Dordrecht 

C.  Dr.rfui 
C.  Doro 
Dort 

Dofel 
h.  Do,  Baniios 
Do^■f>r 
n.-.vns 


Am. 
Afia 
Am. 
Afia 

Am. 

Am. 

F.u. 

A!:  ica 

Eu. 

Eu. 

E-i. 

Africa 

Eu. 

Eu. 


Baltic  Sea 

Archipci;igo 
Caribbe.'i'i  Sea 
Eng.  Cji.innel 
G.  Me)?ico 
St.  Geo.  Ch. 
Corom.  Coaft 
Atl.  Ocein 
Pacif.  Oce<tn 
North  Ocean 
North  Ocean 
North  Ocean 
B.  Bengd 

Indian  Ocean 

Indian  Ocean 
[Pacif.  Ocean 
Bay  of  Bifcay 
Eng.  Channel 

Baffin's  Bay 

Hudfon's  B.1 
Indian  Ocea 


Latitude. 


jLabri'.dorc 
j  India 

iNorliiWalosiHudfon's  Bay 
iArabia  Indian  Ocean 


I  Antilles 

|Ciribb;c 
;d.  Ncth. 
.^jan 
'Turkey 
JD.  Net'h. 
I  Livonia 
|Zanguebar 
jEnglp.nd 
iF.n 'i.'.nd 


Atl.  Ocean 

Atl.  Ocean 
R.  Macs 
Indian   Ocean 
Archipelago 
GcriTi.  Ocean 
Baltic  Sea 
Indian  Ocean 
Eng.  Ouinid, 
G:.'rn~..  Oc;aii 


03  N. 
26  N. 
56  N. 
12  N. 
54  N. 
15  N. 
SO  N, 
4c  S. 
18  S. 
40  N. 
56  N. 
50  N. 
25    S. 

04  N, 


35  40  N. 


35  N. 

,57  N. 


18  24  N. 

15  50  N. 
10   15    S. 

58  55  N. 

54  22  N. 

40   10  N. 

3  4.^  N. 

50  27  N. 
29  40  N. 

51  55  N. 
12  05  N. 

16  36  N. 
53  4  S. 
77  45  N- 

61  45  N. 
80  00  N, 
16  07  N. 

C    o  45   S. 

I    o  30  N. 

8  45    S. 

31     J2    N. 

46  26  N. 
49  55  N- 
76  48  N. 

62  45  N. 
21  37  N, 
65  10  N. 
16  24  N. 

18  25  N. 

15   18  N. 

52  00  N. 
10  15  N. 
38  02  N. 
5'  47  N, 
58  20  N. 

5  >5  N, 
51  07  N. 
5'  25  N. 


Longitude.  H.  Water 


75  S"'^' 

78  loW. 

79  50  W, 

81  45W, 

82  40  W. 
82  34W 
71  55  E. 

166  47  E. 
140  36  E. 

65  20 W. 

68  20  W, 

16  55  E. 
■  73  35  W. 

33  04  E- 

35  08  E. 

33  41  E- 

34  36  E- 

73  33  E. 
41  44  E. 

165  50  W. 

22  32  E. 

18  36  E. 
26  26  E. 

76  35  W. 
3  36  w. 

87  53  W. 
5  2  2  W  . 

80  55  E. 
61  loW. 

74  J3W. 
79  20  E. 
47  00  W, 
II  43  E. 

81  47  E. 

70  25  E. 

63  10  E. 

130  55  E. 

a  20  W. 

I  12  E. 


6h.  30m, 


59  07  W. 

78  50  w. 

70  28  E. 

86  25  W. 

53  40  E. 

69  30  W. 

61  28  W. 

4  26  E. 

50  44  E. 

25  12  E. 

4  40  E. 

3 

00 

23  00  E. 

49  2J  E. 

i  19  E. 

II 

30 

I  27  E. 

J 

J  5 

10  30 


Pc. 
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1 

Names  of  Places. 

Cont. 
Africa 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.Watcr.j 

Pa.  Dradate 

Egypt 

Red  Sea 

°9  56  N. 

0      / 
37  40  E. 

Po.  Drake,  fir  Francis 

Am. 

California 

Paclf.  Ocean 

38  45  N. 

128  3sW. 

Drontheim 

Eu. 

Norway 

["forth  Ocean 

63  26  N. 

II  08  E. 

Dublin 

Eu. 

Ireland 

Irifh  Sea 

53  2'  N- 

6     5W. 

9h 

•  15°* 

Dunbar 

Eu. 

Scotland 

Germ.  Ocean 

55  58  N. 

2  22 w.- 

2 

SO 

Dundalk 

Eu. 

Ireland 

Iriih  Sea 

53  57  N. 

d  28W. 

Dundee 

Eu. 

Scotland 

Germ.  Ocean 

56  26  N. 

a  48  W. 

a 

15 

Dungarven 

Eu. 

Ireland 

Atl.  Ocean 

51   57  N. 

7  55W. 

4 

30 

Dungenefs 

Eu. 

England 

Eng.  Channel 

50  53  N. 

0  59  E. 

9 

45 

Duncanlby  Head 

Eu. 

Scotland 

Germ.  Ocean 

58  40  N. 

2  57  W. 

Dunkirk 

Eu. 

France 

Germ.  Ocean 

51  02  N. 

2  27  E. 

0 

00 

Dunnofe 

Eu. 

I.  White 

Eng.  Channel 

50  34  N. 

I    isW. 

9 

45 

Darazzo 

Eu. 

Turkey 

Medit.  Sea 

41   58  N. 

25  00  E. 

Dufky  Bav 
E 
C.Eaft 

Afia 

N.  Zealand 

Pacif.  Ocean 

45  47   S. 

166  23  E. 

10 

57 

Am. 

Statenland 

9tra.  le  Maire 

54  54  S. 

64  47  W. 

Eafter  IH. 

Am. 

Chili 

Pacif.  Ocean 

27     7   S. 

109  42  W. 

2 

00 

Edinburgh 

Eu. 

Scotland 

Germ.  Ocean 

55  58  N. 

3     7W. 

4 

30 

Edyftone 

Eu. 

England 

Eng.  Channel 

SO     8  N. 

4  20W. 

5 

30 

Egmont  Ille 

Alia 

Society  Ifles 

Pacif.  Ocean 

19  20   S. 

138  30W. 

C.  Egmont 

Alia 

M.  Zealand 

Pacif.  Ocean 

39  20  S. 

173  45  E. 

I.  Elba 

Eu. 

Italy 

Mediterran. 

42  52  N. 

10  38  E. 

R.  Elbe  mouth 

Eu. 

Germany 

Germ.  Ocean 

54  18  N. 

7   10  E. 

0 

00 

Elbing 

Eu. 

Poland 

Baltic  Sea 

54  12  N. 

20  35  E. 

Elfmgburgh 

Eu. 

Sweden 

Baltic  Sea 

56  00  N. 

13  35  E. 

Elfinore 

Eu. 

Denmark 

Baltic  Sea 

56  00  N. 

13  23  E. 

I.  Elutheria  ?  J>°i"^ 
I  b.  point 

Am. 

Bahama 

Atl.  Ocean 

t25  45N. 
I  24  57  N. 

76  42  W. 
75  53 W. 

EmbJen 

Eu. 

Germany 

Germ.  Ocean 

53  05  N. 

7  26  E. 

0 

00 

R.  Erne";  mouth 

Eu. 

Germany 

Germ.  Ocean 

53   10  N. 

7  20  E. 

7 

30 

Enchuyfen 

Eu. 

D.  Neth. 

Zuyder  Sea 

52  43  N. 

5  06  E. 

0 

00 

Endeavour  R. 

Afia 

N.  Holland 

Pacif.  Ocean 

15  26    S. 

145  12  E. 

I.  Engano,  or            7 
Trompoufc             J 

Am, 

Sumatra 

Indian  Ocean 

6  00  S. 

102  35  E. 

B.  Enhora 

Eu. 

Greenland 

North  Sea 

78  45  N. 

26  05  E. 

Ephefus 

Afia 

Nacniia 

Archipelago 

38  00  N. 

27  53  E. 

Erramangi 

Alia 

N.  Hebrides 

Pacif.  Ocean 

18  44   S. 

169  20  E. 

Eltapies 

Eu. 

Frai-.cc 

Eng.  Channel 

SO  34  N. 

I  42  E. 

II 

00 

Euftatia 

Am. 

Caribbee 

Atl.  Ocean 

17  30  N. 

63   14W. 

I.  Exuma 
F 

Fairhcad 

Am. 

Bahama 

Atl.  Ocean 

23  25  N. 

75  35W. 

En. 

Ireland 

Wefi:.  Ocean 

55   '9  >^- 

6  20 W. 

C.  Falcon 

Africa 

Barbary 

Medit.  Sea 

36  03  N. 

0  14W. 

f  E.     end 

55'  05  S. 
I  52  27   S. 

56  40 W. 

I.  F,.:kla;id-j     111.  A- 
l_    ijilani 

Am. 

Patagonia 

Atl.  Ocean 

61   53W. 

Falmouth 

Eu. 

Enginnd 

Eng.  Channel 

SO     8  N. 

5     oW. 

i 

30 

C.  Faio 

Eu. 

Turkey 

Archipelago 

40  12  N. 

24  27  E. 

C.  Filfo 

AtVica 

Catfers 

Indian  Oft  an 

34   16   S. 

18  44  E. 

C.  Fallb 

Africa 

Zaiigucbar 

Indian  Ocean 

8   52   S. 

59  55  E- 

FalllTbom 

Eu. 

Sweden 

Baltic  Sea 

55  20  N. 

13  36  E. 

I.  Fana 

Eu. 

Turkey 

Medit.  Sea 

40   14  N. 

19  32  E. 

R.  Fame 

Africa 

Kgyrt 

Red  Sea 

21  40  N. 

i6  29  £, 

IFaro  Heal 

E... 

Scotland 

Well.  Ocean 

58  40  N. 

'4  5c;W. 

c.  i-v.rv.cn 

Alia 

N.  Zealand 

Pacif".  Ocean 

40  35    S. 

172  47   E. 

Ic.  F..r-.v..;l 

Am. 

Greenland 

North  Ocean 

59  37  ^'• 

42    -,7VV. 

IC.  F.irtack 

Ali-i    ■ 

Arabia 

Indian  Occuri 

15  41  N'. 

<;■-,'  I-:. 

|C.  Fchr 

Am. 

Caiolina 

Atl.  Ocean 

34  C4  N. 

7S    oyW. 

I.  Fciinnd  .  N'oio'.!  i 

Am. 

Bralil 

Atl.  Occ:,n 

}  5''  /;• 

3.  23W. 

I.  F.iic.i,   L:i..ri  It;.:. 

Eu. 

l:.-.ly 

Medit.  Sea 

3  6     I]    .'.  . 

14  51   E. 

I.  Fcrmiia 

t.j. 

Turkey 

Aichlpelago 

37   24  N. 

2f    Cj    E. 

,1.  Forni  Mt-r  . 

Africa 

CJiiii.ea 

Atl.  Ocean 

3  02  N. 

3   n  y- 

1.  Fc:;o 
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1    Nanws  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.  Water. 

I.  Ffrro 

Africa 

Canariis 

Atl.  Ocean 

2°7  48  N. 

17  40  W. 

C.  Finiftene 

Eu. 

Spain 

Atl.  Ocean 

42  52  N. 

9   16W. 

I.  Fironda 

Afia 

Corea 

Pacif.  Ocean 

33  30  N. 

127  25  E. 

Flamborough  Head 

Eu. 

England. 

Germ.  Ocean 

54  08  N. 

0  11  E. 

4h.  00m. 

I.  Flores 

Eu. 

Azores 

Atl.  Ocean 

39  3+  N. 

30  59  W. 

C.  Florida 

Am. 

Florida 

G.  Mexico 

25  50  N. 

80  20W. 

7     30 

Flu/hJhg 

Eu. 

D.  Neth. 

Germ.  Ocean 

5'  33  N. 

3  20W. 

0    4S 

I.  Fly 

Eu. 

D.  Ncih. 

Germ.  Ocean 

S3   16  N. 

5  35  E- 

7     30 

Fnibi/hcr's  Straits 

Ann. 

Greenland 

Atl.  Ocean 

62  05  N. 

47  18W. 

korth  Foreland 

Eu. 

England 

Germ.  Ocean 

51   28  N. 

I   25  E. 

9     45 

South  Foreland 
Foreland  Fair 

Eu. 

England 

Eng.  Channel 

51    12  N. 

I  24  E. 

9     45 

F.Ui 

Ireland 

North  Ocean 

55  OS  N. 

6  30W. 

Foreland  Fair 

Eti. 

Greenland 

fJorth  Ocean 

79  18  N, 

10  50  E. 

Fortland  Mercliants 

Am. 

Greenland 

Worth  Ocean 

6-5  20  N. 

17  osW. 

I.  Formcntaria 

Eu. 

Spain 

Medit.  Sea 

3&.33N. 

I   ,sE. 

I.  Formigas 

Eu. 

Azores 

Atl.  Ocean 

57   17  N. 

24  43  W. 

C.  Formola 

Africa 

Guinea 

Eth.  Sea 

4  22  N. 

5  43  E- 

R.  Forme  fa 

Africa 

Guinea 

Eth.  Sea 

6  10  N. 

4  49  E- 

I.  Formofa  <  -  *  ^  •   . 

Afia 

China 

Indian  Ocean 

C2,  25  N. 

121  25  E. 
120  40  E. 

I 

i  S.  point 

,;  22  00  N. 

I.  Forteventura,  S.  7 
W.  end                  5 

Africa 

Canaries 

Atl.  Ocean 

28  35  N. 

14  04  W. 

Foulncfs 

Eu. 

England 

Germ.  Ocean 

52  57  N. 

0  58  E. 

6    45 

Foulfound 

Eu. 

Greenland 

North  Ocean 

77  30  N. 

i2  50  E. 

Fowey 

Eu. 

England 

Eng.  Channel 

50  25  N. 

4  30  w. 

5     15 

I.  France,  P.  Louis 

Africa 

Madagafcar 

Indian  Ocean 

20   10   S. 

57  33  E. 

C.  St.  Francis 

Am. 

Peru 

Pacif.  Ocean 

0  30  N. 

80  35W. 

( 

I.  St.  Francifco 

Africa 

Zanguebar 

Indian  Ocean 

6  23   S. 

53  22  E. 

R.  St.  Francifco 

Am. 

Brafil 

Atl.  Ocean 

10  55   S. 

36  30 W. 

C.  Francois 

Am. 

Domingo 

Atl.  Ocean 

19  47  N. 

72   15W. 

Frcderickftadt. 

Hu. 

Norway 

Sound 

59  00  N. 

11    10  E. 

'[French  Keys 

Am. 

Bahama 

At!.  Ocean 

21   30  N. 

72   loW. 

'Fretum  Sorough 

Eu. 

Ruflia 

North  Ocean 

70  00  N. 

61  20  E. 

C.  Frio 

Am. 

Brafil 

Atl.  Ocean 

23  00   S. 

40   iiW. 

R.  Fugor 

A  frica 

Zanauebar 

Indian  Ocean 

00   10  N. 

42  05  E. 

|I.  Fuego 

Africa 

Di  Verd 

Atl.  Ocean 

14  55  N. 

24  28  W. 

iFurncaux  Ifland 

Afia 

Soc.  Ifics 

Pacif.  Ocean 

17  II    s. 

143  07  W. 

|B.  FuiTian 

Afia 

China 

Pacif.  Ocean 

23  CO  N. 

I12  35  E. 

I.  Fyal 

1                   G 

1.  Gaila 

Eu. 

Azores 

Atl.  Ocean 

38  32  N. 

28  36  W. 

2    20 

Am. 

Terra  Firma 

Pacif.  Ocean 

2  40  N. 

79  3SW. 

•R.  Gallcga 

Am. 

Patagonia 

Atl.  Ocean 

5'   37   S. 

65  35W. 

'l.  Gallcgo 

Am. 

Terra  Firma 

Pacif.  Ocean 

I  40  N. 

104  35W. 

;Gal!ipoli 

Eu. 

Italy 

Mcdit.  Sea 

40  19  N. 

18  08  E. 

'Gp.liiDoly 

Eu. 

Turkey 

Archipelago 

40  36  N. 

27  02  E. 

'l.  Giliita 

Africa 

Barbary 

Medic.  Sea 

37  4^  N. 

9  03  E. 

;C.  Gallo 

Ana 

I.  Ceylon 

Indian  Ocean 

6  15  N. 

80  20  E. 

t 
Is.  Gallepago 

Am. 

Peru 

Pacif.  Ocean 

5    2  00  N. 
I   2  00  s. 

89  00 W. 

jGally  Head 

Eu! 

Ireland 

Weft.  Ocean 

£2    40  N. 

9  30 W. 

jCalway 

Eu. 

Ireland 

Wefl.  Ocean 

53   10  N' 

10  o^W. 

jR.  Gambia 
jl.  Gamo 

Africa 

Negroland 

Atl.  Ocean 

13  00  N. 

14  58W. 

Afia 

India 

Indian  Ocean 

3  OS    S. 

77  ^5  E. 

:C.  Gardafai 

Africa 

Anian 

Indian  Ocean 

II  48  N. 

50  25  E. 

R.  Carronnc 

Eu. 

France 

B.  Bifcay 

45  3«  N. 

I   05W. 

3    CO 

.Cafpey  Bay 

Am. 

Acadia 

G.  St.  Lawr. 

48  49  N, 

63   3a. W. 

I     30 

iC.  dc  Gate 

Eu. 

Spain 

Medit.  Sea 

36  32  N. 

2  05  W. 

:C.  Gear 

A  frica 

Barbary 

Atl.  Ocean 

30  35  N. 

10  01  w. 

^Gcnoa 

Eu. 

Italy 

M(-dit.  Sea 

44  2^  N. 

8  41   E. 

Ic.  St.  George 

Am. 

Nev.foandl. 

Atl.  Ocean 

48  28  N. 

57  43  W. 

;C.   Ce.^,,--e 

Am. 

S.  Georgia 

At!.  Ocean 

54   '7    S. 

36  33W. 

B.  '.r.  C," o-se 

Am. 

Ncwfoui..i!. 

Atl.  Oc-jan 

48   19  N. 

57  30W. 

I. 

St.  Georg 

s 
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Names  of  Places.' 


1 1.  St.  George 
1 1.  St.  George 
I  St.  Georgc'j  For 

Gibraltar 

Gilbert's  Ifland 


Cont.  I    Countries, 


I.  Gliolo 


]  N.p^int 
S.pint 


Ghfgov? 

Gh,u:e^eT  Ifles 
Cloucefter  llles 
Goa 
Goes 

Galfe  ttifte 
■Gombroon 
I.  Gomjro 
C.  Gondcwar 
C.  Good  Hope 
I.  Gorca 
I.  Gorgor.i 

N.  end 
end 
Uby 


I.Goth-V^" 
land    i  ^,. 


Afia 

F.i. 
Afia 
£u. 
Am. 

Afia 

Zu, 

Afi^ 

Afia 

Afii. 

Eu. 

Am-. 

A!l  I 

Africa 

Aii.i 

Africa 

Africa 

Ea. 

Eu. 


i'c. 


Natolia 

Aiore* 

India 

Spain 

T.  del  Faeg 

Spice  Iiland 

Scotland 
Society  Iflcs 
S,xlety  Ifles 
India 
D.  Ncth. 
Terra  Fijina 
I  Perfia 
1  Canaries 
India 
Catfers 
Negroland 
Italv 


Coaft. 


Latitude. 


I.  Goto 

Gottcnberg 
Gottingcn 
Gowcr's  Iflc 
R.  Qraad 
Granville 
C.  D-  GrU; 
I.  Gritiofa 
Gr.itiofa 
Gratios  a  Dios 
1  Gr.ivtrine 
1  Grjvefcnd 
I.  Grenada 
Greenwich 
1  C.  Girma 
iGripi.vuld 
GriiKcfl.y 

Groin, or  CCorur.n;) 
1,  Gdv 
I.  Giiad  iloupc 
Guay.iuuil 
I.  Gu.-rnky 
Gulf 
Gurj-f 

H 

H..clult\  HcM.il.'i-.d 

j.I.H.ii-  7N.fc.ro'- 

nam  J  i>.V\ 
iHalifix 
;  1.  M,ll 
|H-.Hi!"-.rd 

H.n  L-r.'h 
iH.rv  1.1  r 
il-ri'l.:i, 
iJ.ii;;-riJ  Point 

H.uwi.il 
C  H  i:ti  r.i'! 

tHv...n:i.ili 


Afia 
E«*. 
Eu. 
Afia 

AlEU 

Ea. 

Am. 

Africa 

Eu. 

Am. 

Eu. 

Eu. 

Am. 

Eu. 

Eu. 

Eu. 

Eu. 

Eu. 

Am. 

Am. 

Am. 

Yai, 

Eu. 

Afia 


Sweden 

Corea 

Sweden 

Germany 

N.  Britain 

Paraguay 

France 

Newfoundl, 

Canaries 

Azores 

New  Spain 

France 

England 

Cairibbce 

England 

Turkey 

Germ  my 

England 

Spain 

Newfoundl. 

Carriilre 

Pcri; 

Ent'land 
FPi-nni 
A.ltiac.m 


joint 


ll^r 


<i.!  (u-ac 


Archipelago 
Ad,  Ocean 
8.  Bengal 
M>.-dIt.  Sea 
Pacif.  Ocean 

Indian  Ocean 

R.  Clyde 
P.icif.  Ocean 
Indian- Ocean 
Malabar  I 

Germ.  Ocean 
Carrib.  Sea 
Perfian  Gulf 
Atl.  Ocean 
B.  Bengal 
Indian  Ocean 
Atl.  Ocean 
Medit.  Sea 

Baltic  Sea 

Pacif.  Ocean 
Sound 
Inland 

Pacif.  Ocean 
Atl.  Ocean 
Eng.  Channel 
.Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Carribbe.  Sea 
Eng.  Channel 
R.  'riiamcs 
.^tl.  Ocean 
R.  Thames 
Archipelago 
Baltic  Sea 
Germ.  Occ.m 
D.  Bifcay 
AU.  Ocean 
Atl.  Ocean 
Pacif.  Ocean 
Ei;j_'.  Channel 
St.  Geo.  Ch. 
Cafpian  Sea 

North  Ocean 

I;idian  Ocean 

Weftcrn  Oc. 
A'l.  Ocean 
Nnrth  Ocean 
R.  Elbe 
R.St.  I.iwr. 
Cirrm.  Ocean 
Btiltoi  Ci'an 
C>crm.  Onan 
CJ:Tm.  Oi'jjn 
At!.  O.c.ia 
,Atl.  Oc-.-.n 
IE;!.'   (I'.Mvl 


Longitude.' 


38  47  N. 

38  39  N- 
15  05  N. 

36  05  N. 

55  13  S. 
C  z  30  N. 
i    I   30    S. 

55  52  N. 

19  II  S. 
ao  36    S. 

.5  31  N. 
51  3^  N. 
10  zo  N. 

27  40  N. 

28  c6  N. 
16  55  N. 
34  29  S. 
14  40  N. 
43  21  N. 
58  00  N. 

56  58  N. 

57  40  N. 
34  25  N. 
57  42  N. 
51    32  N. 

7  56  S. 
3«  5S  S. 
4S  50  N. 
51  36  N. 
29   15  N. 

39  02  N. 
J4  48  N. 

50  59  N. 

51  35  N. 
II    52  X. 

51  29  N. 

40  33  N. 
54  04  N. 

53  30  ^«'- 

43  2S  N. 
50-  56  N. 
16  CO  N. 

2   JO    S. 

49  30  N. 

50  c6  N. 

47  7  N. 

79   55  N, 

;  19  45  r; 

44  4<J  N, 

63  56  N 

64  30  N 
53  34  N 

48  CO  N 

52  24  N 
5  I  c6  N 


23 
4 'I 


H.  Water. 


25  07  E. 

2S  00  W. 

80  34  £. 

5  i'7V.\ 

71     4VV. 

12S  00  E. 

129  25  E. 

4   loW. 

140     4W. 

146     7W. 

73  50  E. 

4  05  E- 

67  40 W. 

C5  20  E, 

17  03  W. 
82  55  E. 

18  28  E. 
1 7  20  VV. 

9  II  E. 
20  15  E. 

19  37  E- 
19  50  E. 

125   50  E. 
II  44  E. 

9  58  E. 

158   56  E. 
50  35W. 

1  32  W. 
55  33 W. 
13  07  W. 
27  53  V/. 
82   15W. 

2  i:  E. 

o  20  E. 
61   39  V/. 

o  05  E. 
26  20  E. 

13  43  E. 

o  56  E. 

9  .20  NV. 
55  35W. 
61  55W. 
81  C5W 

2  47  \v 

6  ooW 
52  02  K. 


oh.  09  m.. 


1 10 

icS 

63 

44 
27 

9 
6-! 


■(,  2 


CO 


7     00 


00 
30 


3     00 


30 


Vol..  I, 


K  c 


^w 
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Nimei  of  Places. 


JHawke's  Bay 

I.  St.  Helena 
Helie's  Sound 
'Is.  Heligh's  Land 
C.  Henlopen 
C.  Henrietta  Mkrh 
C.  Henry 
Hervey's  Iflc 
I.  Hrys 
High  Mount 
Hinchingbrtok  I. 
fC.  Tiberooa,  W 

S.  Louis 
C.  St.  Nichol. 
V      N.  W.  pt. 
31   r  Po,  Grave 
St.  Domingo 
C.  Raphael  N. 
E.  pt. 
Hogfties 

T3  fW.  limit 
g  _!  N.  Ditto 
2  ?  1  S.  Ditto 
_  E.  Ditto 
Holy  Cape 
Holy  Head 
C.  Honduras 

B.  Hondy,  I.  Cuba 
Honfleur 

Hood's  Ifle 
Hope  Ide 

C.  Horn 
Horn  found 
La  Hogue 
Howe's  Idc 
C.  How 
R.  Hughly 
Hull 

'R.  Humber,  Ent. 
L  Hyneag9 
I 

Jado 

C.  Jaffanapatan 
L  Tago 
JaIi:u::1coi 
p  r  We!\  end 
^^  Port  Royal 
'^  i  Fa:"*  End 
Ijames  Town 
'R.  Janeiro 

Japan  I  lies 

^  r  C.  Delo,  W.  pt. 

~.C  Eaft  limit 
Ice  Cove 
Ire  Point 
Ice  Sor.nd 
I.  Jerfcy 
[enifniem 
I.Hay,  S.  pt. 


Cont. 


Aha 

Afric 

Eu. 

Eu. 

Am. 

Am. 

Am. 

Afia 

Eu. 

Eu. 

AfU 


Am. 


Am. 
Afia 

\ACii 

Eu. 

Am. 

Am. 

Eu. 

Afia 

Eu. 

Am. 

Eu. 

Eu. 

Afia 

Afia 

Afia 

Eu. 

Eu. 

Am. 

Afia 

Afii 

Africa 

Afia 

Am. 

Am. 
Am. 

Afia 

[Afia 

JAm. 
En. 
Eu. 
Eu. 
Afia 
Eu. 


Countries. 


Coaft. 


Latitude. 


Longitude. 


N.  Zealan^ 
Caffers 

Greenland 
Norway 
Maryland 
New  Wiles 
Virginia 
Society  Illcs 
France 
Greenland 
N.  Hebrides 


Pacif.  Ocean 
Atl.  Ocean 
North  Ocean 
North  Ocean 
Atl.  Ocean 
Hudfon's  Bay 
Atl.  Ocean 
Pacif.  Ocean 
B.  Bifcay 
North  Ocean 
Pacif.  Ocean 


Antilles 


Bahama 


Siberia 

Wales 

New  Spain 

Antilles 

France 

Marquefas 

Greenland 

T.  del  Fuego 

Greenland 

France 

Society's  If. 

N.  Holland 

India 

England 

England 

Bahama 

Cevion 
C.  Vcrd 
Siberia 

Weft  Indies 

Virginia 
Brafil 


N.  Main 
Nova  Zcm. 
Grecnl  md 
Fpjl'.nd 
Paitftine 
.^orUnrl 


Atl.  Ocean 

Atl.  Ocean 

Indian  Ocean 

North  Ocean 
Iri<h  Sea 
Caribbean  Sea 
Atl.  Ocean 
R.  Seine 
Pacif.  Ocean 
North  Ocean 
Pacif.  Ocean 
North  Ocean 
Eng.  Clianncl 
Pacif.  Ocean 
Pacif.  Ocean 
B.  Bengal 
R.  Humber 
Germ.  Ocean 
Atl.  Ocean 

Pacif.  Ocean 
Indian  Ocean 
Atl.  Ocran 
Pacif.  Ocean 

Atl.  Ocean 

B.  Chcfapeik 
Ad.  Ocean 

Pacif.  Ocean 

Indian  Ocean 

Hudf.  Strriirs 
North.  Ocran 
North  Ocean 
ii'^.  Channel 

InlanJ 
We'i:.  Ocrnn 


39  3°  S. 

'S  55  S. 

79  15  N. 

65  is  N. 

38  48  N. 

55  10  N. 

37  00  N. 

19  17  S, 

46  24  N, 

83  23  N. 

17  2;  S. 

18  17  N. 
18  19  N. 

19,50  N. 
18  28  N. 

18  25  N. 

19  05  N. 

21  41  N. 
25  30  S. 
tz  35  S. 
43  38  S. 
27  10  S. 
72  32  N. 

53  23  N- 
j6  18  N. 

22  54  N. 
49  24  N. 

9  26  S, 
76  22  N. 

55  59  S. 

76  41  N, 

49  45  N. 
16  4.6  S. 

37  24  S. 
21  45  N. 
53  50  N. 


36 
9 
IS 
62 
18 
18 
17 
37 
22 
[40 

!3t 
■  6 

8 
62 

77 
72 
49 
31 


5"; 

N. 

27 

N. 

00 

N. 

47 

N. 

07 

N. 

2 

N. 

4<; 

N. 

00 

N. 

S8 

N. 

30 

N. 

S4 

S. 

40 

N. 

41 

N. 

-so 

S. 

CO 

S. 

30 

s. 

20 

N. 

40 

N 

13 

N. 

07 

N. 

"iS 

N. 

•9 

N. 

•3    / 

177  6  E. 

5  44 W. 

12  50  E. 

9  30  E. 

75  08 W. 
-84  00  W. 

76  23  W, 
158  43  W. 

2  14W. 
26  40  E. 
168  38  E. 

74  24  W. 
73  iiW. 

73  18W. 
72  42  W. 
69  30  w. 


H.  Water. 


izh.  com. 
II  15 


68  30 W. 

73  25W. 

in  10  E. 

141  31  E. 

146  00  E. 

153  39  E. 

179  45  E. 

4  40  W. 

I 

85  23W. 

82  40  W. 

0  20  E. 

9 

138  47W. 

23  40  E. 

67  21 W. 

13  36  E. 

I  52  W. 

154  2W. 

150  00  E. 

89  15  E. 

0  28  W. 

6 

0  24  E. 

5 

73  29 W. 

139  4.0  E. 

8o  55  E. 

23  30  W, 

129  52  E. 

78  ooW. 

76  40 W. 

76  05 w. 

76  odW. 

42  4£)W, 

141  25  E. 

126  10  E. 

105  15  E. 

115  55  E. 

69  coW. 

10 

6g  10  E. 

12  cc  E. 

2  26W. 

35  -5   E., 

6  20  W. 

R. Indui 
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Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Long 

itude. 

H,  Water.  I 

R.  Indus 

Afia 

India 

Indian  Ocean 

0      / 
25  50  N, 

0 
66 

33  E. 

Ifivernefs 

Eu. 

Scotland 

Germ.  Ocean 

57  33  N. 

4 

02  W. 

I.  Joanna 

Africa 

Zanguebar 

Indian  Ocean 

12  05    S. 

45  45  E- 

Juddah ■ 

Afia 

Arabia 

Red  Sea 

22  00  N. 

39 

27  E. 

C.  St.  John 

Am. 

Newfoundl. 

Atl.  Ocean 

.50  08  N. 

55 

32  W. 

C.  St.  John 

Africa 

Maiumbo 

Eth.  Ocean 

I    17  N. 

9 

34  E- 

St.  John's 

Am. 

Newfoundl. 

Atl.  Ocean 

47  34  N- 

5» 

18W, 

6h.  om, 

^•SMoJ>«jN-.?t. 

Am. 

Canada      '| 

Bay  St.  Lau- 
rence 

46  30  N. 

47  07  N, 

62 

64 

03  w. 
05  w. 

I.  St.  John  de  Nova 
St.  Jonu  de  Luz 

Africa 

Madagafcar 

Indian  Ocean 

17  00    S. 

44 

02  E. 

Eu. 

France 

B.  Bifcay 

43   10  N. 

I 

38  W, 

3    30 

Cape  Jones 

Am.   ■ 

New  Britain 

Hudfoh's  Bay 

58  50  N, 

79 

00% 
00  £. 

Joppa 

Afia 

Syria 

Levant 

3^  45  N. 

36 

Jones  Sound 

Am. 

Greenland 

Baffin's  Bay 

71  07  N. 

91 

30  w. 

St.  Jofeph 

Am. 

California 

Pacif.  Ocean 

23     3    S. 

109 

35  W. 

Ipfwjch 

Eu. 

England 

Germ.  Ocean 

52  14  N. 

I 

00  E. 

Ifpahan 

A(}3 

Perfia 

R.  Zenduro 

32  2;  N. 

5^ 

55  E. 

C.  St.  Juan 

Am. 

Statenland 

Atl.  Ocean 

54  47    S. 

63 

42  W. 

I.  Juan  Fernandez 

Am. 

Chili 

Pacif.  Ocean 

33  45    ^• 

78 

37  W. 

Port.  St.  Julian 

Am. 

Patagonia 

S.  Atl.  Ocean 

49  10   S. 

66 

loW, 

4    45 

I.  Ivica 

K 
Kalmer 

Eu. 

Spain 

Medit.  Sea 

38  54  N, 

I 

15  E. 

Eu. 

Sweden 

Baltic  Sea 

56  40  N 

17 

25  E. 

Kambaya 

Afia 

India 

Indian  Ocean 

23   36  N. 

72 

SoE. 

Kamtfchatka^J;*''''' 

Afia 

Liberia 

Pacif.  Octan 

5  55   II   N. 

'59 

25  E. 

I  Upper 

I  54  A?,  N, 

157 

2S  E. 

I,  Karaghinfkoy 

Afia 

Siberia 

Pacif.  Ocean 

58  00  N, 

162 

10  E. 

I.  St.  Katharine's 

Am, 

Brafil 

Atl.  Ocean 

27  35    S. 

40 

12W. 

Keco 

Afia 

Tonquin 

Indian  Ocean 

21    55  N. 

106 

10  E. 

Kegcr 

Eu. 

Mufcovy 

North  Ocean 

70   18  !,-, 

34 

00  E. 

R.  Kcnncbeck 

Am. 

N,  England 

Atl.  Ocean 

44  CO  N. 

69 

45W. 

Kentiih    Kiiock,  a  7 

fand                        i 

Eu, 

England 

Germ.  Ocean 

51  42  N, 

I 

45  E, 

0      CO 

I.  St.  Kilda 

Eu, 

Scotlar.d 

Weft,  Oceai 

57  44  N. 

8 

18W. 

I.  Kilduin 

Eu. 

Lapland 

North  Ocean 

6g   'o  N. 

31 

20  E. 

7     3^ 

Kinfale 

Eu. 

Ireland 

Atl.  Oce^.n 

51   32  N. 

9 

01  W. 

5     15 

Klip 

Eu. 

Grccr-hnd 

North  Ocean 

80   10  N, 

12 

22    E. 

R.  Kcl.i    - 

Eu. 

Liii'lanJ 

North  Ocean 

68   C3  N. 

33 

08  E. 

C.  KA 

Eu. 

SwcJen 

Sound 

56   ^o  N. 

11 

15   E, 

Port  Komol 

Africa 

AbylTinia 

Red  Sea 

22  30  N. 

36 

17  E. 

Komero  Ifl.-s 

Africa 

Zin^^ucLar 

Indian  Ocean 

C  :o  48    S. 

44  43  E. 

{  13    10    S, 

46 

22  ii. 

R,  Kov.imia 
L 

Afia 

Siberia 

North  Ocean 

70  40  N. 

159 

CO  E. 

Ladronc,  or  Marian  J 
Hies                         I 

Afi... 

Pacif.  Ocean 

':2i  -00  N. 
i  13   15  N. 

I4-V 
142 

CO  E. 
55  E. 

IC.  L'AiguUc 

Africa 

CruTraiia 

InJian  Ocean 

34  50    S. 

20 

c6  E. 

!Lan.:.'i(tci 

Eu. 

EngUiid 

St.G.io.  Ch. 

54  42  N. 

4 

36  W. 

I.  Lanc::rota 

Africa 

Canariis 

Atl.  Ocean 

29   10  N. 

13 

2C  W . 

Land's  E.id 

Eu. 

Enrjand       >St.  Geo.  Ch. 

50  o5  N. 

50  W. 

7*    30 

Langeiicfs 

Eu, 

Nova  Zcm, 

North  Ocean 

74  40  '^'•''■ 

53 

3O  z. 

11.  Lanbiy 

Ej. 

Ir.'hnd 

Irilh  S:a 

f:   2.'-  N 

7 

•3C  W. 

S     15 

'I.  LuTipa.lofa 
in.  St.  L.aarus 

Africa 

Tunis 

-Mcdit.  Sea 

3^^   '■-   '-I- 

12 

45  E, 

Am. 

Pataj'onia 

Pacif.  Ocean 

i'i  42    5. 

73 

35VV. 

C.  LlIo 

Africa, 

Anjola 

All.  Occ  ,n 

t;   24    S. 

12 

r;    E. 

'Lcith 
Lcghjra 

Ea. 
Eu, 

Scotland 
Icaiy 

Germ,  Oc^in 
Meiir.  S.:a 

55   5-  ''• 
4  5    '^^    ^'■ 

10 

cc,W.    4     30    1 
:.5   il. 

1.  Leinn-Jl 

Alia 

Nitolii 

Archijtclr  -o 

40  02  N. 

25 

56  1^. 

C  Lc.i^ua 

Eu, 

Turkey 

Mc.iiL.   SCA 

/■-o  44.  N. 

;  u 

26  'v. 

:Leortj/i 

Eu. 

En-^l  ind 

O-rrr.  Oo-rrn 

5-    --^  N 

I 

W  i--    9     45 

Lcp  mta 

Eu. 

Turkey 

.Mr- lit.    S;l 

3^  20  iV. 

Zl 

C3   E. 

'L-.-;cr'i  in-! 

.\fi.i 

N.  HcbriJ:-, 

P?.ci:",  (.-.'  ir, 

1 5  ' '    '' 

'•-7 

S^  t. 

ll 

i.  L:f,sv 
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Z^ont.j 

Countries. 

Coaft. 

Latitude. 

Longitude.    H. Water.- 

;.  !.clr.v                           ] 

^I. 

Denmark   '   Sound 

o      , 

57  05  N. 

0      / 
II  06  E. 

Liverpool                         1 

lu. 

iBgbnd 

riih  Sea 

53   21   N. 

3  10 W.  iih.i^nn'.[) 

1.  Lewes,  N.  point       ] 

Lu. 

Scotland 

Weft.  Ocean 

58  35  N- 
29  5S  N 

6  37W. 

6     30 

L.iampo,  or  flingpa       i 

Mix 

China 

'acif.  Ocean 

110  23  E. 

Lima 

\m. 

'cru 

Pacif.  Ocean 

12  01   s. 

76  44  W. 

Lime 

Eu. 

England 

Eng.  Channel 

50  45  N. 

3  15W. 

7     00 

Limerick 

Eu. 

Ireland 

R.  Shannon 

52    22   N. 

10  ooW. 

I.  Limofa 

Eu. 

Italy 

Medit.  Sea 

36  o3  N. 

13  oi'E. 

I.  Lipari 

Eu. 

Italy 

Medit.  Sea 

33  35  N. 

IS  31  E. 

I.  Liquto 

Alia 

Japan 

Pacif.  Ocean 

28  00  N. 

127   30  E. 

Lift  on 

Eu. 

Portugal 

R.  Tagus 

38  42  N. 

9     4W. 

a     IS 

Lifbon  Rock 

Eu. 

Portugal 

Weft.  Ocean 

38  42  N, 

9  25W. 

C.  Lifburiic 

Alia 

N.  Hcbridci 

Pacif.  Ocean 

15  41    S. 

166  57  W. 

I.  LiflU 

Eu. 

Dalmatia 

Adriatic  Sea 

42  56  N. 

18  32  £. 

Lizard 

Eu. 

Enjjiand 

Eng.  Channel 

49   57  N- 

5   loW. 

7     30 

illrs       CS.W.  end 
LofTout  iN.  E.  end 

Eu. 

Norway 

North  Ocean 

C63   15  N. 
;[  69  00  N. 

10  20  E. 
12  00  E. 

R.  Loire,  Eiit. 

Eu. 

France 

B.  Bifcay 

47  07  N. 

2  05  W. 

3      CO 

L.'indon 

Eu. 

England 

R.  Thames 

51   32  N. 

0    CO 

3     CO 

New  London 

Am, 

N.  England 

Weft.  Ocean 

4f  50  N. 

72  14  W. 

1     30 

Londonderry 

Eu. 

Ireland 

Wert.  Ocean 

55  01  N. 

7   ^iW. 

Long  Ifle 

Am. 

N.  England 

Weft.  Ocean 

41  CO  N. 

C71    >9W. 
I  74  20  W. 

3     00 

L  Lf.ngo 

Eu. 

Dalmatia 

Adriat.  Sea 

43  45  N. 

17  3S  E. 

Longfand  Head 

Eu. 

Engbnd 

Germ.  Ocean 

51  47  N- 

I  41  E. 

10     30 

L:)okoiit  Puint 

Eu. 

Greenland 

North  Ocean 

76  40  N. 

16   2^   E. 

C.  Lopas 

Africa 

Loango 

Atl.- Ocean 

0  47    S. 

'8   30  E. 

B.  St.  Louis 

Am. 

L  ouliiana 

G.  Mexico 

28  50  N. 

97  oSW. 

Louifbourg 

Am. 

C.  Breton 

B.  St.  Law. 

45   54  ^"' 

59   =;oW. 

* 

Luhec 

Eu. 

Germany 

Baltic  Sea 

54  00  N. 

.  I   40  E. 

C.  St.  Lucar 

Am. 

California 

Pacif.  Ocean 

23  15  N. 

IC9  40 w. 

R.  Lucia 

AtVica 

Caffers 

LiJian  Ocean 

27  52    S. 

33  2;>  E. 

L  St.  Lucia 

Atrici 

C.deVcrd 

Atl.  Ocean 

16  43  N. 

24   33  W. 

I.  St.  Lucia 

Am. 

Caribbee 

At!.  Ocean 

13  25  N. 

60  46  w. 

-  r  N,  E,  point 

19  25  N. 

121   45  E. 

'=      C  Buj.iJor 

18   50  N. 

120  25  E. 

il<  ^^.inillH 

Afn 

Phil,  incs 

Pacif.  0<^ean 

14  36  ^"• 

120  58  E. 

-!      S.  W,  point 

1 

13  30  ^'. 

119   35  E. 

—  l^  E.  point 

1 

1 

14  CO  N. 

124  CO  E. 

jLundrn 

Eu 

lS>ve!'"i 

jBahic  Sra 

55  42  N. 

13  26  E. 

'1.  Lundy 

Eu. 

^  England 

iSt.  Geo.  Ch. 

:;!    20   K 

4  04  w. 

5     '5 

'Lupls's  Head 

lEu. 

rlre;and 

jWfft.  Ocean 

;2    24   N. 

10  15W. 

Lvnn 

M 

Eu. 

England 

{Germ.  Ocear 

1 

52  46  N. 

0  32  E. 

6    45 

C.  M.L) 

Alia 

Nc-,"Guinc 

vPncif.  Ocr?.-', 

1       0  40    S, 

130  OS  E. 

iMacao,  or  Malcau 

lAHa 

Cii.na 

ipacif.Occii 

j      22    .2N. 

I! 3  46  E. 

'MMCilTar 

Alia 

I.  Celebes 

iPacif.  Ocean 

5  09    S. 

iiQ   50  E. 

|C.  iVLwhian 

Eu. 

Spain 

;B.  Bifta.- 

43  44  N 

3  05  W. 

1 

'C.  St.  Mary,  S. 

i 

2,    24     S. 

45  53  £• 

p  int 

! 

^ 

li.  St.  AugufVinc 

i 

=3   3>    S. 

4-,    13  E. 

s 

Terr-i  dc  Ga;ia 

1 

10  3r.    S. 

4  -.  4.6  E. 

C.  Sr.  Andri-".v 

I,  46  ^- 

..    -2  E. 

C.  St.  Scba;li;;n 

/.W.C 

Indian  Occa 

1         i-j     -r.     S 

:.i:    -0  E. 
t      CO    ic   E. 

1 

C.  de  Arr.hre    / 

N.  point      \ 

:    12  15  s. 

\ 

B.  d'Antonjll 

1 
1 

.     It,  r,..-    s. 

1     4(,  40  E. 

Antavarc 

i 

!   20  5-  s. 

,     -V"  .^"^   E. 

1 

1 

y->.  Dauniiln 

1 

* 

24  4^     S 

j         4S     <.,:      i.. 

I 

1 

\.  Ma- 5  Fur.;h.U 
<i;r3    I  W.  ood 

A^Y:. 

\'Can';r;c? 

:A:1.  Gr-.-M 

i  3-  -=;  '"■ 

i      .-  jt  W 

12      4 
12      0 

i 
1 

M.idnfi 
(  f.  -J : -    ,  . 

Atii 

'ii..i;. 

ilr,!'  i:^Otr-;-r 

:^L1.J  ]^ 

1     So  34  I-. 

' 

1 

Madrid 
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Names  of  Places. 

Cent. 

Countries. 

Ceaft. 

Latitude. 

Longitude. 

.1.  1 
H.  Water. 

Madrid                            J 

Eu.      Spain 

I.  Man  z  ana 

o        t 

40  25  N. 

o°3  2'iW.= 

Madura 

A.fia     India 

ndian  Ocean 

10  15  N. 

78  35   E. 

R.  Maes,  Mouth          ] 

Eu. 

3.  Neth. 

Germ.  Ocean 

52  06  N:- 

3  50  E. 

ih.  30m. 

Str.  Lc  Mairc 

Am. 

•atagonia 

Atl.  Ocean 

54  51    S. 

65  00  W. 

Magadoxa 

Africa 

ianguebar 

[ndian  Ocean 

2  ss  N. 

45  25   E. 

Str.  Ma-  C  E.  ent. 
gellan   I  W.  ent. 

Am. 

*atagonia 

Atl.  Ocean 
Pacif.  Ocean 

52  30    S. 

5*  55   S. 

67  50  W. 
74  18  W. 

iMagiflland 

Afia 

ndia 

Vlalabar  Coa. 

12   10  N. 

74  14  E. 

|I.  Maguana 

Am. 

Bahama  I. 

Atl.  Ocean 

22  36  N. 

72  25 W. 

P.  Mahon,  ine         7 
Minorca                 J 

Eu. 

Spain 

Medit.  Sea 

39  51  N. 

3  S3  E. 

'Majorca,  Kl.  Ma-  1 

Eu. 

Spain 

Medit.  Sea 

39  35  N. 

2  35  E. 

jorca                       J 

C.  Mala 

Eu. 

Turkey 

Archipelago 

37  20  N. 

24  07    E. 

M4acca 

Afia 

India 

Str.  Malacca 

2  12  N. 

102   10  E. 

Malaga 

£u. 

Spain 

Medit.  Sea 

36  43  N. 

4  02  W. 

Ides  Mai-  7  N.  end 
dive        S  S.  end 

Afia 

India 

Indian  Ocean 

,    7  20  N, 
',[    0  20    S, 

73  03    E. 
76  10  E. 

Maleihoom  Whirl- 7 
pool                        5 
I.  Mslique 

Eu. 

Norway 

Weft.  Ocean 

68  oS  N. 

10  40  E. 

Afia 

Maldive  I. 

Indian  Ocean 

7  45  N. 

72  40  E. 

St.  Maloes 

Eu. 

France 

Eng.  Channel 

48  39  N. 

.   57  W. 
14  28   E. 

6     00 

I.  Malta 

Eu. 

Italy 

Medit.  Sea 

35  54  ^'• 

I.  Man,  W.  end 

Eu. 

England 

Iriili  Sea 

53  45  N. 

S  ocW, 

9     00 

jMangalore 

Afia 

India 

Indian  Ocean 

13  02  N. 

7S   10  E. 

(Manilla 

Afia 

I.  Luconia 

PaciF.  Ocean 

14  36  N. 

I2C    58    E. 

I.  Mansfield,  N.  pt. 

Am. 

New  Britain 

Hudfon's  Bay 

62  3S  N. 

80   33W, 

I.  Manlia 

Africa 

Zangu.ebar 

Indian  Ocean 

8   -,6    S. 

40  40  E. 

I.  Mard  lu 

£u. 

Nor.vay 

Sciund 

58    H  N. 

8   s5   E- 

t  I.  Margarita 

Am. 

Terra  Firma 

At!.  Ocean 

HIS  N. 

63   35 W. 

1  R.  Maragnon 

Am. 

Brafi] 

Atl.  Ocean 

I  4S    S. 

44   >7W. 

!  Margate 

Eu. 

England 

Eng.  Channel 

51   29  N. 

1    10  E. 

1 1     15 

1  C.  St.  Maria 

Eu. 

Portugal 

Atl.  Ocean 

36  45  N. 

7  45 W. 

C.  St.  Maria,  or  Lucia 

Eu. 

Italy 

Mtiit.  Sea 

40  04  N, 

.8   31   E 

Marian  or  1  N.  liin. 

r 21  00  N. 

144  00  E. 

Ljilroiie  > 

Afia 

Pacil'.  Occ^n 

4 

Kle';         JS.  lipi. 

1 

in  '5  N. 

142   S5  E- 

;I.  St.  Miirii  J 

Eu, 

A7.0'.i;s 

Atl.  Ocean 

37  00  N. 

25  coW. 

iSt.  Maries 

Eu. 

I.  Sciily 

Eng.  Ch.iuiicl 

49  57  N. 

0    3:5  W. 

■I.  Mariijaliantc 

Am. 

Well  Indie, 

Atl.  Ocean 

16  00  N . 

61    loW. 

il.  Maritlni'-',  Sicily 

Eu. 

India 

Medit.  Sea 

38  04  N. 

12   33  E^ 

Marqi.cfa  If. 
C.  M.irtL-lo 

Afia 
Eu. 

Pacif.  Otcan 
Medit.  Sea 

9   56  N. 

3H  oo  N. 

I  39  00  W. 
z6  00  E. 

2     30 

Turkey 

'St.  Maitria 

Atn. 

Terra  Firm  a 

.■\tl.  Occati 

ir  ?(j  N, 

74  00 W. 

1.  St.  M.irtin 

j.Aiji, 

Weft  Inuics 

Atl.  Ocean 

iS  06  N. 

6]  c6W. 

C.  St.  Martin 

Africa 

Catfers 

Atl.  Ocean 

3a  08    S. 

iS   58    E. 

C.  St.  Mjitin 

Lu. 

S[i:i'.n 

Medit.  Sea 

38  44  N. 

u  25  E. 

1.  M.irtiiii.j.ic,   PoTl  ] 
'     R..;.:j1                    ;■ 

1 

I  Am. 

Well  Indie-. 

lAtl.  Ocean 

14  3(3  N. 

Oi  04 \V. 

Marfpillci 

iFu, 

Fi  anci; 

Medit.  Sea 

43   iS  N. 

1 

'     5  ^'r  !-• 

('.  S'.  M.uy 

Am. 

N'twfoundl. 

Atl.  Ov-cun 

46  52  N. 

1     54  01  W. 

i 

C.  St.  M.,ry 

Am. 

B.afil 

Atl.  Oc!  nn 

34   5^    ^• 

!     5^  55  W. 

C.   St.    M,,,y 

Afia 

Natolia 

.Archipelago 

37  4^  ^• 

27    2  1    E. 

1 

C.  S-.  M,,rv 

i;.i. 

Spain 

N.  Atl.  Ocean 

36  46  N. 

7  49  W. 

? 

C.  Vir/ln  Vl.iry 

Am. 

Pal.iL'onia 

S.  At!.  Ocean 

52  23    S. 

6S    lo'vV. 

;M  il  .t'jtro 

.Am. 

Chill 

P.-.cif.  Os'i^m 

33  45    '^• 

80  34  w. 

;  I.  M  .!".  ,..  ,ii..i- 

.Aui. 

i  '/.  :iu;'u<!;.ii 

11(1. lian  Occai 

20    52    S. 

55   35  E. 

i  1.  M..K  u.l: 

JApi. 

:iv-r.r 

IP,.:t'.  Orcan 

.    :o    S. 

ili   50  w. 

I'M.!.  U 

-■Mi.. 

Arubi.i 

liJi,-.   Ociri! 

23   jj  N. 

•      ?7  40  E. 

i  \l:."<.lvr.<-     in-;. 

'•u,,, 

N'.  llcl.ri.i: 

.  Pa>i!    0..:.i/. 

16  '^i   s. 

'    ""'7   59  E. 

'■M  Mb, Ian  I 
';\1  .(:;!::- .ti-^ 

ilv.. 

Sv.-.-J,-n 

Sr.u-.J 

57    -'^  N'- 

'     12  c.  E. 

'.■Ml., 

Ir.dia 

'B.  Brr^il 

16  2S  N. 

1     81   40  £, 

=- '■■    '      1/ 

C.  .Mat 
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Names  of  Placts. 

Cdnt. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.  Water. 

i 
1 

C.  Matapan 

Eu. 

Turkey 

Archipelago 

36  z's  N. 

0      ^ 
22  40  E. 

I.  Matbare 

Afia 

Japan 

Pacif.  Ocean 

26  30  N. 

137  00  E. 

. 

1,  St.  Mathcw's 

Aiiica 

Guinea 

Eth.  Ocean 

I  »3    S. 

6  iiW. 

■j 

1.  Mauritiu& 

Africa 

Madagafcar 

Indian  Ocean 

20  10    S. 

57  33  E- 

;■ 

Maurua 

Afia 

Sockty  lilcs 

Pacif.  Ocean 

16  a6    S, 

152  33 w. 

1.  May 

Afrlc;; 

C.  Verd 

Atl.  Ocean 

15  10  N. 

23  00  W. 

C.  May 

Am. 

Penfilvania 

Atl.  Ocean 

39  ^5  N. 

74  43  W. 

I.  Mayettc 

Africa 

Mad.igafcar 

Indian  Ocean 

12  53   s. 

46  10  E. 

Mecca 

Afia 

Arabia 

Red  Sea 

21  40  N- 

41  00  E. 

Medina 

Afia 

Arabia 

Red  Sea 

24  58  N. 

39  53  E* 

I.  Mclads 

Eu. 

Dalmatia 

Adrlat.  Sea 

42  40  N. 

19  34  E. 

1 

JMelindc 

Africqi 

Zangucbar 

Indian  Ocean 

3  07    S. 

39  40  E- 

"I 

I.  Mclo 

Eu. 

Turkey 

Archipelago 

36  41   N. 

25  05  E. 

Mcmel 

Eu. 

Courlani 

Baltic  Sea 

55  48  N. 

22  23  £. 

Mcmiiran 

Eu. 

Fr.Tnce 

B.  Bifcay 

44  20  N. 

1  23  W. 

3h.3om, 

I.  Menado 

ACa 

I.  Celebef 

Pacif.  Ocean 

I   36  N. 

122  25  E. 
130  15W. 

C.  Mend'jzin 

Am. 

Calitornia 

Pacif.  Ocean 

41  20  N. 

Mercury  Pay 

i\fiu 

N.  Zealand 

Pacif.  Ocean 

36  50    S. 

175  12  E. 

R.  Metaparvous 

Am. 

Bahama 

Atl.  Ocean 

21   58  N. 

74  13W. 

Mcflina 

Eu. 

I.  Sicily 

Medit.  Sea 

38  21  N. 

16  21  E. 

iC.  Mcfurata 

Africa 

Tripoli 

Mcdit.  Sea 

32  18  N. 

16  36  E. 

'•^•»-|SX 

Afia 

Natolia 

Archipelago 

39  21   N. 
39  J I  N. 

26  08  E. 
26  ^7  E. 

JPo.pliviea 

39  00  N. 

26  50  E. 

I.  Meua 

[Mexico 

Eu. 

Denmark 

B.altic  Sea 

55  00  N. 

13   15  E. 

Am. 

Mexico 

Inland 

19  54  N. 

ICO  01  W. 

Miatea 

Alia 

Society  Ificj 

Pacif.  Ocean 

17  52    s. 

148     I W. 

I.  St.  Michael 

Eu. 

Azores 

Atl.  Ocean 

37  45  N. 

25  38 w. 

Middlcbujgh 

Eu. 

D.  Neth. 

Germ.  Ocean 

51   37  N- 

3  58  E- 

Middlebujgh,  or       7 
Eaoowe                  J 

Afia 

Friendly  Ifl. 

Pacif.  Ocean 

21  21    S. 

174  34  W. 

Mitfo:d 

Eu. 

Wales 

St.  Geo.  Ch. 

51  45  N- 

5   15W. 

5     '5 

MHo,  I.  Milo 

Afi.i 

Tuikcy 

Archipelago 

36  41  N, 

25  05  E. 

Mill  lC.es 

Am. 

North  Main 

Hudfon's  Bay 

64  36  N. 

80  30 W. 

„  r'N.  point 

9  40  N. 

124  25  E. 

^ 

H  S.  E.  pt.  C.  Si. 

• 

-S  )       Auguiline 

Afia 

Spice  lilanJi 

Pacif.  Ocean 

6  40  N. 

126  25  E. 

1  J  S.    W.  pt.   Cal- 
*^  1        dera 

7  00  N. 

121  25  E. 

"*  V.  S.  point 

3  so  N. 

124  43  E. 

I.  Mindora 

Afia 

Phl!!p.  Iflcs 

Pacif,  Ocean 

13  Ob  K. 

119  37  E. 

I.  Mi-  7  N.  W.  pt. 
norca  J  S.E.  p:. 

Eu. 

Spain 

Mediterran. 

f  39  58  N. 
I  40  24  N. 

3  54  E. 

4  18  E. 

G.  Miquclcn 

Am. 

Newf.undU 

Atl.  Ocean 

47     3  ^^"• 

56   13W. 

L.  Micucloa 

Am. 

Newfound. 

Atl.  Ocean 

46  50  N. 

56   13W. 

I.  Mifco 

Am. 

Nova  Sccti.-i 

G.  St.  Lawr. 

48  04  N. 

64  19  W. 

C.  Mifcrata 

Africs 

Guinea 

Ul.  Ocean 

6  25  N. 

9   35W. 

R.  MifiilTippi,  mouth 

Am. 

I.o'jiliana 
Ireland        "' 

G.Me>:ico 

29  CO  N. 

89   17  W. 

Mizcn  Head 

Eu. 

Atl.  Ocean 

51    16  N. 

10  20 w. 

Mocha 

Afia 

Arabia 

Red  Sea 

n  45  N, 

44  04  E. 

Modon 

Eu. 

Tu:kcy 

Medit.  Sea 

36  55  N. 

21   03  E. 

' 

I.  Mohilla 

Afric; 

Zarif^ucbar 

Iidian  Ocean 

II   55    S. 

45  00  E. 

I.  Monfsrnt 

Am. 

Welt  Indies 

Ati.  Ocean 

16  4S  N. 

62   12W. 

Montagu  IHc 

Afia 

N.  Hebrides 

Pacif.  Ocean 

17  26    S. 

168  36  E, 

Montreal 

Am. 

Canada 

R..  St.  Lawr. 

45   5~  ^■ 

73   iiW. 

I.  Monte  Chr'fto 

Eu. 

iuly 

Mcdit.  Sea 

42   17  N. 

ID  iS  E. 

C.  Monte  Sana© 

Eu. 

I urkcy 

Archip'ilago 

40  27  N. 

24  39  E. 

Monument 

Afia 

N.  Hebrides 

r'acif.  Ocean 

17   14    S, 

i6g   38  E. 

Mount  St.  Micl>acl 

Eu. 

'ranee 

ling,  Channel 

4S   39  N. 

I  35  w. 

I,  Mcrgo 

Afia 

Natolia 

Archipelago 

36  55  N. 

26  30  E 

Morlrtix 

Eu. 

■rancc 

lag.  Channel 

48   30  N. 

3   50W. 

Mor:  Point 

Eu. 

F.ngland 

it,  Geo.Ch. 

51    la  N. 

4  40  W. 

M 
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Names  of  ftaces. 

Cont. 

Conntries. 

Coaft. 

Latitude. 

Longitude. 

H.  Water. 

Motamblque 

Africa 

Zanguebar 

Indian  Ocean 

o      , 
15  00    $. 

0      , 
41  40  E. 

Molcow 

Eu. 

Ruflia 

R.  Mofcosv' 

55  45  N. 

37   5^   E- 

Mofquitos  Bank 

Am. 

Mexico 

Atl.  Ocean 

14  45  N. 

So  05  W. 

C.  Mount 

Africa 

Guinea 

Atl.  Ocean 

7   13  N. 

10  4.4  w. 

Mount's  Bay 

Eu. 

England 

Eng.  Channel 

50  05  N. 

5  45  W. 

4h.  3cm, 

Moufe  River 

Am. 

New  Wales 

Hudfon's  Ba\ 

51   25  N. 

83  I  5  V/. 

C.  Mufaldoii 

N 
C.  Nabo 

Afia 

Arabia 

Perfiaii  Gulf 

26  04  N. 

55  22  E. 

Afia 

Japan 

Pacif.  Ocean 

40  35  N. 

141   25  E. 

Kangafacic 

Afia 

Japan 

Pacif.  Ocean 

32  32  N. 

128  50  E. 

Nankin 

Afn 

China 

Pacif.  Ocean 

3z  07  N. 

118  35  E. 

Nantes 

Eu. 

France 

B.  Bifcay 

47   n  ^'• 

1  29  w. 

3     00 

Nantucket  ICe 

Am. 

Nev.'  Eng. 

Weft.  Ocean 

41   34  N. 

69  40 W. 

Naples 

Eu. 

Italy 

Medit.  Sea  ' 

40  51  N. 

14  19  E. 

Narhonne 

Eu. 

France 

Medit.  Sea 

43   II  N. 

3  05  ^• 

Narfinga 

Afia 

India 

B.  Bengal 

18  05  N. 

85  20  E. 

Narva 

Eu. 

Livonia 

G,  Finland 

59  c3  N. 

29  iS   E. 

I.  Naflau 

Afia 

Sumatra 

Indian  Ocean 

3  00   S. 

100  25  E. 

C.  Nartbu 

Am. 

Terra  Firma 

Atl.  Ocean 

7  53  N- 

58  07  W. 

NafTau  Str. 

Eu. 

Rulfia 

North  Ocean 

69  55  N. 

57  30  £• 

B.  Natal 

Africa 

CaScrs 

Indian  Ocean 

29  25    S. 

33    10  E. 

I.  Naxos 

Eu. 

Turkey 

Archipelago 

37  06  N. 

25  58  E. 

Naze 

£u. 

Nor%vay 

Weft.  Ocean- 

57  5^  ^'• 

7   3z  E. 

11      15 

Needles 

Eu. 

England 

Eng.  Channel 

50  41  N. 

I   28  W. 

10     15 

C.  NegraiUes 

Alia 

Pegu 

B.  Bengal 

16  20  N. 

94  15  E. 

C  Nfgro 

Afi-ica 

Caffers 

Atl.  Ocean 

16  30   S. 

11   30  E. 

C.  Negro 

Africa 

Barbary 

Medit.  Sea 

37  17  N. 

0  09  E. 

Negropont 

Eu. 

Turkey 

Archipelago 

33  30  N. 

24  05  E. 

Port  Nelfon 

Am. 

New  Wales 

HudIon"s  Bay 

57  c7  N. 

92  37W. 

Port  Nelfjn's  Shoals 

Am. 

New  Wales 

Hi^dfjn's  Bav 

57  35  N- 

92  07  W. 

8     20 

I.  Nevis 

Am. 

Caribbcelf.cs 

Ad.  Ocean  ' 

17  II  N. 

62  52W. 

Newcaftle 

Eu. 

England 

Germ.  Ocean 

55  03  N. 

I   28  W. 

3     »5 

R.  Nicaragua 

Am. 

New  Spain 

At!.  Ocean 

11  40  N. 

82  47  W. 

Nice 

Eu. 

Italy 

Medit.  Sea 

43  42  N. 

7  22  E. 

If.  Kicobar 

Afia 

Siam 

B.  Bengal 

7  22  N. 

94  40  E. 

I.  -St.  Nicholas 

Africa 

C.  Verd  I. 

Atl.  Ocean 

16  35  N. 

24  06 W. 

Nicotera 

Eu. 

Italy 

Medit.  Sea 

33  33  N. 

16  30  E. 

Nlcuport 

Eu. 

Flan.rcrs 

Germ.  Ocean 

51  o«  N. 

2  50  E. 

12     00 

Ninhay 

Afia 

China 

Pacif.  Ocean 

37  10  N. 

122  25  E. 

Ningpo,  or  Liampi 

Afia 

China 

Pacif.  Ocea^n 

29  58  N. 

120  23  E. 

I.  Mo 

Eu. 

Turkey 

Archipelago 

36  48  N. 

26  02  E. 

I.  N^ol 

Afia 

India 

Indian  Ocean 

10  30   S. 

105  25  E. 

- 

C.  Noir 

Am, 

T.  del  Fuego 

I'acif.  Ocean 

54  3--    S. 

73     3W. 

Norfolk  I  He 

Afia 

N.  Holland 

Pacif.  Ocean 

29     2    S. 

168   15  E. 

C.  de  Non 

Africa 

Barbary 

Atl.  Ocean 

28  04  N. 

10  32 W. 

Nonibrc  d;;  Dios 

Am. 

Terra  Firma 

Carribbc.  Sea 

9  43  ?^- 

73   35W. 

Norc 

Eu. 

Eng'tnd 

R.  Thames 

51   28  N. 

0  48  £. 

0    oo 

Noriton 

Am. 

Pcnfylv.inia 

Inland 

40   10  N. 

75    '7W. 

C.  Norrh 

Am. 

Ten  a  Firma 

Atl.  Ocean 

1   45  N. 

49  gqW. 

C.  Noitii 

Am. 

C.  Breton 

/\tl.  Ocean 

47     5  ^■• 

60     8W. 

C.  North 

Am. 

S.  Georgia 

Atl.  Ocean 

54     5   •''• 

38    loW. 

N.Cape,  I.  Majgoro'; 

Ej. 

Lapland 

North  Ocean 

71    10  N. 

26  02  E. 

3      CO 

Nr.rth  P-,in- 

Hu. 

N'oruay 

North  Ocean 

62   I  5  N. 

6   15   E. 

N  ,-.h   Erid- 

Am. 

North  Main 

Hudfon's  Str. 

62  30  N. 

vo  5qW. 

f.  Nu-rin^him,  E.  p'. 

Km. 

New  Br;tai:i 

Hudfon's  Str. 

63  35  N. 

77  4'^  V/. 

10      CO 

O.nn    P.lu  Bay 

Afia 

Orah(.'te 

Pacif.  Otean 

17  46   S. 

149     9W. 

Oc/Au-.v 

E-:. 

'I'urkty 

Black  Sea 

45    .7-  N. 

:.i  40  E. 

'■ocu.'ilN;^>!i 

Eu. 

Swcd.'n 

Baltic  S.-a 

5  56   ,5  N. 

1^    55  E. 
17   "/■>  K. 

0:>.i:v,  .-.'■•-.  .  Ri; 

Afia 

S.-cioty  I/lcs 

UlVar.a 

?6  46  "s! 

i-,i    i^W. 

I  I       20 

,;)i.'   H-..  i  ..!  Kinfj" 

r.u. 

lr'.-:a;:d 

Ati.  Ov^in 

51    -0  N. 

".    :;\V. 

.    .    - 

I.  Oltiua 
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1  ■  Names  of  Places. 

Cont. 
Eu. 

Countries. 

France 

Coaft. 

Latitude. 

Longitude. 

H.Water.' 

I.  Oleron 

B.  Bifcay^v 

46  03  N. 

°i  20  W. 

O'inde 

Am. 

Brafil 

S.Atl.  Ocean 

%  13  s. 

35  00 W. 

Oliva 

Eu. 

Germany 

Baltic  Sea  " 

54  20  N. 

18  30  E. 

OUone 

Eu. 

France 

B.  Bifcay 

46  32  N. 

I   36 W. 

3^.4501; 

On^Ka 

Eu. 

Italy 

Mcdit.  Sea 

43  57  N- 

7  52  E- 

Oporto 

Eu. 

Portugal 

Atl.  Ocean 

41   10  N. 

8  22  W. 

Oian 

Africa 

Barbary 

Mcdit.  Sea 

35  45  N". 

0  00 

C.  Orange 

Am. 

Terra  Firma 

Atl.  Ocean 

4»7N. 

50  50  W. 

Oibitello 

Eu. 

Italy 

Medit.  Sea 

42  30  N. 

12  00  E. 

I.  Orchillo                  ^ 

Am. 

Terra  Firma 

Carribean  Sea 

II    32  N. 

65  25W. 

Orrnburg 

Alia 

Aitracan 

Inland 

51  46  N. 

55  14  E- 

Orfordnefs 

Eu. 

England 

Germ.  Ocean 

5^   I?  N- 

I   11  E. 

9  "45 

Orkney  Ifles,  li.-nits 

Eu. 

Scotland 

Weft.  Ocean 

^59  24  N. 
,158  44  N. 

3  23W. 

2    llW. 

3     00 

New  Orleans 

Am. 

Louifiana 

R.  Miffiflipi 

30  00  N. 

89    54W. 

I.  Ormus 

AAa 

Perfia 

G.  Perfia 

27  30  N. 

55  17  E. 

|C.  (ielOrOjOrOkrada 

Africa 

N'egroland 

Atl.  Ocean 

23  30  N. 

14  31W. 

- 

R.  Oronoc-uc 

Am. 

Terra  Fj/ma 

Atl.  Ocean 

8  08  N. 

59  50 W. 

C.  OropJib 
Orfk 

Eu. 

Spain 

Medit.  Sea 

40  20  N. 

0  49  E. 

Afia 

A;*rac3n 

Inland 

51   12  N. 

58  37  t- 

C.  Ortrral 

Eu. 

Sriain 

B.  Bifcay 

43  47  N. 

8  32  W. 

Ortona 

Eu. 

Italy 

Medit.  Sea 

42  19  N. 

14  37  E. 

I.  Ortiba 

Am. 

Terra  Firma 

Caribbean  Sea 

i:  03  N. 

69  03  W. 

tofaaburg  If.c 

Aua 

Srciety  Ifies 

Pacif.  Ocean 

22  00   S. 

J41   34  W. 

jOftcnd 

Eu. 

Fl.:ndcrs 

Germ.  Ocean 

51    14  N. 

3  CO  E, 

12     do 

iC.  Otranto 

Eu. 

I'ily 

Medit.  Sea 

40  23  N. 

17  41  E. 

fOwharre  Bay 

i\(ri 

tluahcine 

Pacif.  Ocean 

16  44  S. 

151     3W. 

'Ozaca 

t                  P 
'C-  PaJron 

Afia 

jupan 

Pacif.  Ocean' 

35  10  N. 

134  05  E. 

Africa 

Co.igo 

Atl.  Ocean 

6  00  .R. 

■ 

ir  40  E. 

Piira 

Am. 

Peru 

Pacif.  Ocean 

5  20  S. 

80  35W. 

,C.  Jiilio'jri 

Eu. 

T-ricev 

Archipelago 

39   59  N. 

24  03  E. 

■Palcrrnc,  I.  Sicily 

Eu. 

1:^1/ 

Medit.  Sea 

38   10  N. 

J  3  43  ?'• 

P..r:4:-ra:e 
'  P-nSiftr'.  Ides 

Af.a 

Lndia 

B.  Bengal 

13  40  N. 

80  50  E. 

Ana 

Society  Lies 

Pacif.  Ocean 

15  38    S. 

146  2<;W. 

C.  ?z\\ikx 

Afia 

N.  Zealand 

Pacif.  Ocean 

41  40   S. 

175  28  E. 

I.  fdl.-na 

A  t  rica 

Canaries 

Atl.  Ocean 

23   36  N. 

J7  45W. 

;J.  Palsiaiia 

Eu. 

Italy 

Medit.  S«a 

41   00  N. 

13  C3  E. 

Fa'n-,(T'to:r:  Lie 

Afia 

Society  Ifles 

Pacif.  Ocean 

18  00   S. 

162   52W. 

;C.  Pilmiras 

Aha 
'Africa 

Inuia 

B.  Bengal 

20  40  N. 

87  35  E. 

;C.  I  "almas 

Goi.iea 

Atl.  Ocean 

4  26  N. 

5  56  W. 

Panama 

Am. 

iu. 

Mexico 

Pacif.  Ocean 

8  45  N. 

80  16W. 

J.  Panaria 

Italy 

Medit.  Sea 

38  40  N. 

15  41   E. 

P,:  norma 

Ku. 

Turkey 

Alcdit.  Sea 

40  05  N. 

21  40  E. 

I.  PancalarU 

L\.. 

Italy 

Medit.  Sea 

36  55  N. 

12   31   E. 

, 

R.  Panuco 

Am. 

Mexico 

G.  Mexico 

24  02  N. 

I3C   i:W. 

39    50W. 

iR.  P^raiia 

Am. 

Brafii 

Atl.  Ocean 

21   26   S. 

^ari's 

Eu. 

France 

R.  Seine 

48  50  N. 

2  25  E. 

C.  PafTcro 

Ej. 

I.  Sicily 

Medit.  Sea 

36  35  N. 

,5   22    E. 

|C.^a:ani 

Afia 

M.ilac'.a 

Indian  Ocean 

7  27  N. 

loi  20  E. 

;l.  Patinos 

Aha 

Natolia 

Archipelago 

37  22  N. 

26  48  E. 

R.  Pittajan 

Alia 

I.  Sumatra 

Str.  Malcicca 

0  28  N. 

102  25  E. 

C.  Paul 

Ej. 

Sp^in 

Medit.  Sea 

37  5°  ^■ 

0   ;i;W. 

I,  St.  Paul 

Am. 

Nrv.foiindl. 

B.  St.  La-.vr. 

47   12  N. 

59   59  W. 

J.  St.  Paul 

Af).; 

Muli^afcar 

Indian  Ocean 

37  51  s. 

77  53  £• 

ISt.  Paul  de  Leon 

Eu. 

Franc..- 

Eng.  Channel 

48  41  N. 

3  55W. 

4     00     i 

1l  Paxcros 

Am. 

C^ifoinia 

Pacif.  Oicari 

•jQ   iS  N. 

120  45  w. 

1 

L  Pearl,  or  Scrani^ 

Am. 

Weft  Indies 

Atl.  Ocean 

14  55  ?^- 

79  coW. 

t 

JFa-u 

Afia 

India 

B.  Bengal 

17  00  N. 

96  58  E. 

jj'tkin 

Aha 

China 

Inland 

39   5  5  ^•^• 

116  29  E. 

!|.  Pdugcfa 

Eg. 

Italy 

Adriatic  Sea 

42  20  N. 

iS   32  E. 

Ll'embi 

A  flic 

Z.inguebar 

Indi.ia  Occ.in 

5  3S   S. 

40  o<i  E. 

'    r 
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Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.Water. 

C.  Pembroke 

Am. 

New  Wales 

Hudfon's  Bay 

0      / 

63   12 

N. 

82  54  W. 

I.  Pengw'm 

Am, 

Newfoundl. 

Atl.  Ocean 

47  ^3 

N. 

56  56  W. 

Penmark 

E.J. 

France 

B.  Bifcay 

47  50 

N. 

4  20W. 

R.  Penobfcot 

Am. 

New  Eng. 

Atl.  Ocean 

44  40 

N. 

68  52  W. 

Pernambuca 

Am. 

Brafil 

S.  Atl.  Ocean 

S  30 

S. 

■  35  07 W. 

Petapoli 

Afia 

India 

B.  Bengal 

16  14 

N. 

81    10  E. 

I.  St.  Peter 

Am. 

Newfoundl. 

Atl.  Ocean 

46  46 

N. 

56     5W. 

Peterfburg 

Eu. 

Ruffia 

Baltic  Ssa 

59  56 

N. 

30  24  E. 

C.  Petra 

Afia 

Natolia 

Archipelago 

37  oa 

N. 

27  38  E. 

Peverel  Point 

Eu. 

England 

Eng.  Channel 

5°  34 

N. 

I  22  W. 

Philadelphia 

Am. 

Penfilvania 

R.  Delawar 

39  57 

N. 

75     8W. 

St.  Philip 

-\frica 

Benguela 

Atl.  Ocean 

iz  az 

S. 

13  20  E. 

I.  Pianofa 

Eu. 

Italy 

Medit.  Sea 

4z  46 

N. 

10  34  E. 

Ide  of  Pines 

Afia 

N.Caledonia 

Pacif.  Ocean 

22  38 

S. 

167  43  E. 

I.  Pico  (Pike) 

Eu. 

Azores 

Atl.  Ocean 

38  29 

N. 

28   19W. 

C.  Pinas 

Eu. 

Spain 

B.  Bifcay 

43  51 

N. 

6  14W. 

PickerfgiU's  I. 

Am. 

S,  Georgia 

Atl.  Ocean 

54  42 

S. 

36  53 w. 

Mo.  Pintados,  or  7 
St.  Martin        J 

Am. 

California 

Pacif.  Ocean 

27  30 

N. 

117  15W. 

Pifcadore  Ifles 

Afia 

China 

Pacif.  Ocean 

23  30 

N. 

119  25  E. 

Pitcairn's  Ifles 

Am. 

Chiii 

Pacif.  Ocean 

25     2 

S. 

133  21W. 

Placentia 

Am. 

Newfoundl. 

Atl.  Ocean 

47   15 

N. 

53  43 W. 

gh.  60m. 

R.  Plata 

Am. 

La  Plata 

Atl.  Ocean 

36  00 

S. 

57  40 W. 

R.  Platewrack 

Am. 

Bahamalfles 

Atl.  Ocean 

20  04 

N. 

68  37W. 

Plymouth 

Eu. 

England 

Eng.  Channel 

50  22 

N. 

4  loW. 

6    00 

Policaftro 

Eu. 

Italy 

Medit.  Sea 

40  18 

N. 

15  45  E. 

Is.  Polfapate 

Afia 

Cambaya 

Indian  Ocean 

9  45 

N; 

109  55  E. 

I.  Poma 

Eu. 

Dalmatia 

Adriat.  Sea 

42  57 

N. 

18   14  E. 

Pondichcrry 
Pontorfon 

Afia 

India 

B.  Bengal 

II  42 

N. 

79  58  E. 

Eu. 

France 

Eng.  Channel 

4S  33 

N. 

I  27  W. 

Ponoi 

Eu. 

Lapland 

North  Sea 

67    s 

N. 

38  48  £. 

I.  Ponz« 

Eu. 

Italy 

Medit.  Sea 

40  S3 

N. 

13  09  E. 

Pool 

Eu. 

England 

Eng.  Channel 

51  00 

N. 

I   50W. 

Porto  Port 

Eu. 

Portugal 

Atl.  Ocean 

41   10 

N. 

8   22  W. 

jPort  Mahon 

Eu. 

Spain 

Medit.  Sea 

39  51 

N. 

3  53  £• 

j  Portland 

Eu. 

England 

Eng.  Channel 

50  30 

N. 

2  48  W. 

8     15 

Tort  rOrlent 

Eu. 

France 

B.  Bifcay 

47  47 

N. 

3   13W. 

j  Porto  Bello 

Am. 

New  Spain 

Carrib.  Sea 

9  33 

N. 

79  4SW. 

!  Porto  Praya 

Africa 

Cape  Vcrd 

Atl.  Ocean 

14  54 

N. 

23  24 W. 

II     00 

is  ^  7  E.  point 

18  35 

N. 

65  58  w. 

.-■^.'i   J- Port  Rico 
\'^<^  iw.  point 

Am. 

Antilles 

.'Vtl.  Ocean 

18  29 

N. 

66  35W. 

iS  34 

N. 

67  51  W. 

jl.  Porto  Sanfto 

Africa 

Canaries 

At!.  Ocean 

32  58 

N. 

16  20W. 

Portfall 

Eu. 

France 

Eng.  Channel 

48  36 

N. 

4  43  W. 

PortfmoJth.R.Aca. 

Eu. 

England 

Eng.  Channel 

50  48 

N. 

I   01  W. 

n    15 

Praken 

ACu 

Coch.  Chi. 

Indian  Ocean 

17  15 

N. 

106  15  E. 

Prcnau 

Eu. 

Livonia 

Baltic  Sea 

S8  26 

N. 

24  58  E. 

I.  Princes 

Africa 

Guinea 

Atl.  Ocean 

I  47 

N. 

6  39  E. 

C.  Prior 

Eu. 

Spain 

Atl.  Ocean 

43  29 

N. 

8   15W. 

I.  Providence 

Am. 

Bahama 

AtL  Ocean 

24  5' 

N. 

77  01  W. 

,1.  Providence,  or  J 
!     St.  Catheiine    J 

Am. 

Mexico 

Atl.  Ocean 

13  26 

N. 

So  42  W. 

'Pudyoua 

Afia 

N.Caledonia 

Pacif.  Ocean 

20   18 

S. 

164  46  E. 

6    00 

1.  Pulo  condor 

.Quaqua,  or  Ivory    ' 
Cuaft                  5 

Afii 

Cambaya 

Indian  Ocean 

8  40 

N. 

107  25  E. 

Africa 

Guinea 

Eth.  Sea 

5  00 

N. 

4    GOW. 

'Ojjebec 

Am. 

Canada 

R.  St.  Lawr. 

4(3  55 

N. 

69  48  W. 

7    30 

((^<!da 

Afia 

Malaya 

B.  Bengal 

6  ,5 

N. 

100   12  E. 

1.  Quelpcrt 

Afia 

Korea 

Pacif.  Ocean 

33  3^ 

N. 

128  04  E. 

JCiuiloa 

Africa 

Zangucbar 

Indian  Ocean 

9  30 

S. 

39  09  E. 

Vol.  I. 


F  f 
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Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.Water.l 

Quimper 

Eu. 

France 

B.  Bifcay 

47  58  N. 

4  02  W. 

Qiiinazn 

Afia 

Coch.  Clii. 

Indian  Ocean 

12  52  N. 

109   10  E. 

JQuiraba  IJlcj 

Africa 

Zanguebar 

Indian^Ocean 

.11  00  N. 

41   39  E. 

C.  Quiros 

Alia 

N.  MuMdes 

Pacif.  Ocean 

14  56   S. 

167   15W. 

R 

C.  Race 

Am. 

Tciu 

Inland 

0  13    S. 

77  50 W. 

^ 

Am. 

Ncwfoundl. 

Atl.  Ocean 

46  40  N. 

52  3SW. 

Raguf:t 

Eu. 

Dalmat!.! 

Medit.  Sea 

42  45  N. 

20  00  E. 

Raj:vpour 

Afia 

indi.i 

Indian  Ocean 

17   19  N. 

73   50  E- 

Ramfgatc 

Eu. 

England 

Downs 

51   20  N. 

I  22  E^ 

Ramhead 

Eu. 

England 

Eng.  Channel 

50  19  N. 

4  15W. 

C.  Rafalgatc 

Afia 

Arabia 

Indian  Ocean 

22  46  N. 

58  48  E. 

Ravenna 

Eu. 

Italy 

Mcdit.  Sea 

44  26  N. 

12  21   E. 

C.Ray 

Am. 

Newfoundl. 

Atl.  Ocean 

47  37  N. 

59     8W. 

I.  Rhee 

Eu. 

France 

B.  Bifcay 

46  15  N.. 

1  28  W. 

3l-r.oom. 

Regio 

Eu. 

Italy 

Meditcrran. 

38  22  N. 

16  37  E. 

Cape  Refolutlon 

Am. 

N.  Main 

Iludfon's  Str. 

6i  29  N. 

65   loW. 

Refolution  Bay 

Afia 

Marqucfas 

Pacif.  Ocean 

9  55    S. 

139     4W. 

Resolution  Ifland 

Afia 

Society  Ifles 

Pacif.  Ocean 

17  23    S. 

141  40  W. 

Revel 

Eu. 

Livonia 

Baltic  Sea 

59  22  N. 

25  33  E. 

..      r  Rhodes,  N. 

i  S  S  C.  Tranq^nl, 
e^      L     S.  end 

Afia 

Natolia 

Archipelago 

36  27  N. 

35  55  N. 

28  36  E. 

28   23   E,^ 

Riga 

Eu. 

Livonia 

Baltic  Sea 

56  55  N. 

24  51  E. 

Ri{)raps,  a  fand 

Eu. 

England 

Straits  Dover 

51   S3  N. 

I  25  E. 

Robin  Hood's  Bay 

tu. 

England 

Germ.  Ocean 

54  25  N. 

0  08  W. 

3     00. 

;i.  Rocca 

Am. 

Terra  Firma 

Atl.  Ocean 

II  21  N. 

66  17W. 

jRoc.hcfort 

Eu. 

France 

B.  Bifcay 

46  03  N. 

e  54  W. 

4     '5 

;Ro(hel 

Eu. 

France 

Bay  Bifcay 

46  10  N. 

I     5W. 

3    45 

'Rocheftcr 

Eu. 

England 

R.  Mcdway 

51   26  N. 

0  30  E- 

0    45; 

I.  RndligUC 

Afia 

Madagafcar 

Indian  Ocean 

19  41     S. 

62  45  Ej 

[C.  Remain 

Am. 

Terra  Firma 

Atl.  Ocean 

11  40  N. 

69  05W. 

IRomc 

Eu. 

Italy 

Medit.  Sea 

41   54  N. 

12  34  E- 

;I.  Roncadorc 

Am. 

Mexico 

Atl.  Ocean 

13  30  N. 

78  53W. 

'Rood  Bay 

Eu. 

Greenland 

North  Ocean 

79  S3  N. 

14  Co  E. 

!C.  Roque 

Am. 

Brafil 

Atl.  Ocean 

5  00    S. 

35  43 W. 

jl.  Roqueniz 

Africa 

Madagafcar 

Indian  Ocean 

9  SI    S. 

64  30  E. 

iG.  Rofes 

Eu. 

Spain 

Mcdit.  Sea 

42  10  N. 

3   '8  E, 

Ro.lock 

Eti. 

Germany 

PJtic  Sea 

54   10  N. 

12  50  E. 

I.  Rotterdam 

Afia 

Fi'iciidiy  Is. 

Pacif.  Ocean 

20  16    S. 

174  25 W- 

Rotterdam 

Eu. 

D.  Ncth. 

Germ.  Ocean 

SI   56  N, 

4  33  E- 

3     00 

Rouen 

Eii. 

France 

R,  Seine 

49  27  N. 

I   10  E. 

I     '5 

jC.  Roxar.t; 

Fn. 

Portugal 

Atl.  Ocean 

3«  45  N. 

9  30 W. 

C.  Roxo 

Afiica 

N'cgroland 

Atl.  Ocean 

II  42  N. 

14  33W. 

Po,  Roval 

Am. 

I.  Jamaica 

Caribbean  Sei 

17  40  N. 

76  37W. 

X"  Rczier 

Am. 

Novu  Scoria 

G.  Sr.  Lav.-. 

48  55  N. 

63   36 W. 

1.  R-.g'-n 

Lu. 

Germany 

Baltic  Sea 

54  32  N- 

14  30  E. 

I.  Rum  Key,  or       7 
'     Samana                   3 

Am. 

Bahama 

Atl.  Ocean 

23  00  N. 

74  20  W. 

JR.  Rutert 

Am. 

New  Britain 

Hudfon's  Bay 

5'  45  ^'• 

78  40 w. 

[C.  Ruii'to 

Africa 

Barca 

Medit,  Sea 

32  53  N. 

20  41   E.. 

IRuII   Il1f,3 

Eu. 

Nor^v-iy 

North  Sea 

67  40  N. 

JO  25  E. 

►Rye 

1            s 

•C.  Sarle 

Eu. 

England 

Eng.  Channel 

51  03  N. 

0  45  E. 

"     »5 

Am. 

.Vnva  Srot'a 

Atl,  Ocean 

41  24  N- 

65  35W. 

II.  .Sab.'e,  W.  end 

Am. 

Nova  Scotia 

Atl.  Ocean 

U  09  ^/ 

60  29  W. 

1 

|I.  Sacdl?  back 

Am. 

North  Main 

Hu  !f.  Strait. 

62  07  N. 

68  13W. 

10    00 

uSaffi^t 

.Africa 

Barbiry 

Atl.  Ocean 

iz   30  N. 

8  50  W. 

il.  Saf-nja:  b'x'u-:. 

Afrioi 

Egypt 

Red  Sci 

27  0^  N. 

34  40  E. 

'B.  Saldanna 

i 

Africa 

Caders 

Atl.  Ocean 

32  35    ^• 

19  30  E. 

"     -^If- 
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Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.  Water. 

I.  Sal 

Africa 

C.  Vcrd 

Atl.  Ocean 

i6  {%  N. 

2°2  s'lW. 

Salerno 

£u. 

Italy 

Mcdit,  Sea 

40  39  N. 

14  4S  E. 

I.  Salini,  Liparl  Ifl. 

Eu, 

Italy 

Medit.  Sea 

SS  39  N. 

IS  24  E. 

I.  Salilbui7 

Am. 

N— Main 

Hudfon's  Bay 

63  29  N. 

76  47  W. 

Sallee 

Africa 

Barbaiy 

Atl.  Ocean 

33  58  N. 

6  20  W. 

Solomon  Illes 

Afia 

Pacif.  Ocean 

C    5  so   S. 

t  "   15   S. 

171  05W. 
178  3sW. 

Salonechi 

Eu, 

Turkey 

Archipelago 

40  41   N. 

23  13  E. 

I.  Salvages 

Africa 

Canaries 

N.Atl.  Ocean 

3B  00  N. 

15  49  w. 

"""•^"{S:;} 

Am. 

North  Main 

Hudf.  Straits 

561  48  N. 
i62  32|N. 

66  20  W.    gh.oom. 
7o48iWii     10 

I.  Samos 

Afia 

Natolia 

Archipelago 

37  46  N. 

27   13  E. 

C.  Sambrough 

Am. 

Nova  Scotia 

Weftcrn  Oc. 

44  33  N. 

63  20  W. 

Sandwich 

Eu. 

England 

Downs 

51  20  N, 

1   20  E,  II     30 

Sandwich  Ifland 

Afia 

N.  Hebrides 

Pacif.  Ocean 

17  41    S. 

16S  38  E. 

Sandwich  Harbour 

Afia 

Malicola 

Pacif.  Ocean 

16  25    S. 

167  58  E. 

Sandwich's  Bay 

Am. 

St.  Georgia 

Atl.  Ocean 

54  4^    S. 

36     4W. 

I.  Sanguin 

Afia 

Philip,  llles 

Pacif.  Ocean 

3  S'^  N. 

122  30  E. 

I.  Sanien 

Eu. 

Norway 

North  Ocean 

69  3c  N, 

14  30  E. 

Santa  Cruz 

Africa 

Barbary 

Atl.  O.ccaii 

30  30  N. 

9  35W. 

2  r  N.  limit 

41    15  N. 

9  31  E. 

.5      S.  pt.  C.  Tavo- 
^  <       laro 

Eu. 

Italy 

Mcdit.  Sea 

38  54  N. 

9  '5  E- 

'^       Cagliari 

39  25  N. 

938  E. 

-5  I,  Oriftagni 

/.  39  53  N. 

9  01   E. 

Sarcna 

Am. 

Chili 

Pacif.  Ocean 

29  40    S. 

71    15W. 

Saunders's  Ifle 

Am. 

Sandwich  L. 

Atl.  Ocean 

58  00    S. 

26  53  W. 

C.  S.iunders 

Am. 

St.  Georgia 

Atl.  Ocean 

54     6    S. 

36  53  W. 

Scandcroon 

Afia 

Syria 

Levant 

36  35  N. 

36  25  E. 

Scarborough  head 

Eu. 

England 

Germ.  Ocean 

54  18  N. 

00  00 

3     45 

I.  Scarpanto 

Afia 

Natolia 

Arcliipelago 

35  45  N. 

27  40  E. 

I.  Scatarie,  N.  E.  pt. 

Am. 

Acadia 

Wert.  Ocean 

46  01   N. 

61   57W. 

St  aw 

Eu. 

Denmark 

Sound 

57  34  N. 

10  54  E. 

I  Schcliing 

Eu. 

D.  Netji. 

Germ.  Ocean 

53  ^7  N- 

5*30  E. 

.2  r  C.  St.  Nicholas 

f  38   58  N. 

26   12  E. 

^  <  Scio 

Afi4 

Natolia 

Archipelago 

\  38  24  N. 

26  29  E. 

-^  t  C.  Blanco 

I  3'o  08  N. 

26  20  E. 

Scilly  Iflcs 

Eu. 

Engl'.nd 

St.  Geo.  Ch. 

50  CO  N. 

6  45  W. 

3     45 

Scolt  Head 

Eu. 

England 

Germ.  Ocean 

53  00  N. 

0  44  E. 

6     20 

Scots  Settlement 

Am. 

Terra  Firma 

Carribbc.  Sea 

8  45  N. 

76  35  W. 

1.  Sea 

Eu. 

Turkey 

Archipelago 

37  38  N. 

24   53  E. 

Stanic" 

Eu. 

France 

B.  Bifcay 

48  00  N. 

4  S'W. 

1.  Sebalrfes 

Am. 

Patagonia 

S.  Atl.  Ocean 

50  53    S. 

•    59  35  W. 

C.  ScbaJtian 

Am. 

California 

Pacif.  Ocean 

43  00  N. 

126  coW. 

C.  St.  ScbalKan 

Africa 

Madagafcar 

Indian  Ocean 

12   30   S. 

46  30  E. 

St.  Sebartian 

Eu. 

Spain 

B.  Bifcay 

43   16  N. 

2  05  W. 

I'ort  Scgura 

Am. 

Brafil 

Atl.  Ocean 

16   57    S. 

39  45  W. 

R.  Scu.gal 

Africa 

Negroland 

Atl.  Ocean 

15   53  N- 

16  26  W.  10     ■^0     II 

1.  Scranilha 

Am. 

Weft  Indies 

Atl.  Ocean 

16  20  N. 

79  40  W. 

[.  Serigo 

Eu. 

Turkey 

Arthipcla;;o 

36  09  N. 

23  24  E. 

I.  SertL-s 

Africa 

Canariei 

Atl.  Ocean 

32  35  N. 

16  20  W. 

R.  Scftos 

Africa 

G.iinea 

Atl.  Ocean 

5  48  N. 

8   13W. 

Seven  Cape; 

Africa 

Barbary 

McJit.  Sea 

37  30  M. 

6  15W. 

Seven  Stones,  or  Iflcs 

Eu. 

England 

St.  Geo.  Ch. 

50  10  N. 

6  40  W. 

4     30 

R.  Severn,  Ent. 

Eu. 

England 

St.  Geo.  Ch. 

SI  4'  N, 

3  05  w. 

6   ■    0 

R.  Severn 

Am. 

New  Wales 

Hudfon's  Bay 

56   12  N. 

88   57W.J 

R.  Sc>n,  Ent. 

Eu. 

France 

Eng.Cliannel 

49  36  N. 

0   30  5.     9     00 

SeynheaJ 

£u. 

France 

Eng.  Channel 

49  44  N. 

0   34  E, 

Shecrncr. 

Eu. 

England 

R.  Tliamoi 

51   25  N. 

0   5J  E.     0     CO 

SlicpherJ'b  Ides 

Afia 

N.  Hebrides 

Pa*:if.  Ov.can 

17    CO     S. 

16S  47  E. 

liain 

Afia 

Indiii 

Bay  Siam 

14  18  N. 

1   100   5^  E. 
'   100  4-   E. 

i<.1Sijii  Enr. 

Afia 

India 

Bay  Siam 

13    15  N. 

Ff  2 
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Names  of  Places. 

Cont. 

Countries. 

C«aft. 

Latitude. 

Longitude. 

H.  Water. 

Siara 

fE.  end,  Mefllna 

1  Catanca 
ir  1  Syracufe 

\ta.    1 

3rafil 

\.tl.  Ocean 

0      / 
3   18    S. 
'38  to  N. 

37  i2  N. 
37  04  N. 

3°9  50  W. 
15  58   E. 
15  21   E. 
15  31  E. 

;5  J  S.  end,  C.  Paf-     , 
•^.^      fa.  a 

Eu.      ] 

taly 

Medit.  Sea 

{  36  35  N. 
37  11  N 

15  22  E. 

S      Alicata 

14  07  E. 

W.  end,  C.  Bocco 

37  5'  N. 

21  43  E. 

(^Palermo 

^38  10  N. 

13  43  E. 

Sierra  Leona 

Africa 

Su'inea 

Atl,  Ocean 

8  30  N. 

12  07  W. 

8h.i5m. 

Sillabar  Roajd 

Alia 

I.  Sumatra 

[niian  Ocean 

4   CX3     S. 

102  50  E. 

Str.  Sincapore 

Afia 

Malacca 

Indian  Ocean 

I  00  N. 

104  30  E. 

R.  Sinda,  or  Indus,  7 
mouth                    3 

Afia 

[ndia 

Indian  Ocean 

5  24  30  N. 
i2s  45  N, 

63   10  E. 
62  40  E. 

Po.  Shabak 

Africa 

Abyflinia 

Red  Sea 

18  58  N. 

38  24  E. 

Shark,  or  Seahorfe  ? 

point                      '  1 

Am. 

New  Wales 

Hudfon's  Bay 

64  05  N. 

82  12  W. 

Shields 

Eu. 

England 

Germ.  Ocean 

55  oz  N. 

I  20  W. 

Shelvock's  Ifle 

Am. 

California 

Pacif.  Ocean 

23   15  N. 

117  35W. 

Shillocks 

Eu. 

Ireland 

Weft.  Ocean 

51   30  N. 

J I  05  W. 

5      0 

L  Shetland,  limits 

Eu. 

Scotland 

Weft.  Ocean 

[60  47  N. 
\[  59  54  N. 

0  10  W. 

1  31  W, 

3     00 

Shoreham 

Eu, 

England 

Eng.  Channel 

50  55  N. 

00  17  E. 

10     30 

I.  Sky    {^'P?'"' 
•'is.  point 

Eu. 

Scotland 

Weft.  Ocean 

J  57  50  N- 
^'.  57  15  N. 

6  30 W. 
6  16W. 

5     30 

Sleepers  Ifles             T 

r  60  00  N. 

IZi  30W. 

f 

Am. 

Ne\T  Britain 

Hudfon's  Bay 

i  58  35  N. 

Great  Sleeper            3 

(.60  10  N. 

82  00 w. 

The    Sleepers    lie    in 

a    chain    from    the 

Great  Sleeper  down 

to  Lat.   580   50'  N 

&Long.820i,'W, 

Sline  Head 

Eu. 

Ireland 

Weft.  Ocean 

53  20  N. 

2    15W. 

R.  Slude 

Am. 

New  Britain 

Hudfon's  Bay 

53  ^4-  N. 

78  50  w. 

Sluyce 

Eu. 

D.  Neth. 

Germ.  Ocean 

51    19  N. 

3  50  E- 

C.  Smith 

Am. 

Labradore 

Hudfon's  Bay 

60  48  N. 

80  55W, 

Smyrna 

Afia 

Natolia 

Archipelago 

38  2S  N. 

27  25  E. 

i.  S oca tors 

Africa'Anian 

Indian  Ocean 

12  15  N. 

52  55  E, 

C.  Solomoji 

Eu. 

1.  Candia 

Medit.  Sea 

34  57  N. 

27  06  E. 

R.  Somme 

Eu. 

France 

Eng,  Channel 

50  18  N, 

I  40  E. 

n     00 

Sound  Royal 

Eu. 

Iceland 

North  Ocean 

66  22  N, 

IS  15W. 

, 

Southampton 

Eu. 

England 

Eng.  Channel 

50  55  N. 

1  00  w. 

0    00 

jC.  Soutliampton 

Am. 

New  Wales 

Hudfon's  Bay 

61   54  N. 

86  14W. 

South  Cape 

Afia 

Diemen's  la. 

Pacif.  Ocean 

42  40   s. 

130  05  E. 

C.  Spartivento 

Ku. 

lltaly 

Medit.  Sea . 

37  50  N, 

16  41   E. 

•C.  Spurtel 

Africa  Barbary 

Atl.  Ocean 

35  46  N. 

5  5>W. 

.I.  Spirito  San^o 

Am. 

iBrafil 

Atl.  Ocean 

20  24   s. 

39  55  W. 

Spurn 

Eu. 

England 

Germ.  Ocean 

53  35  N. 

0  30  E. 

5     15 

i.  Stiiir.pr.'.ii 

Afia 

Natolia 

Archipelago 

36  25  N. 

26  55  E. 

1.  S^ancho 

Afia 

Natolia 

Arcliipelago 

36  50  N. 

27  30  E. 

IScart  point 

Eu. 

England 

Eng,  Channc 

50  09  N. 

346W. 

6    45 

;  2  r  C.  St.  John 

r  54  45    S. 
I  55  08    S. 

60  35W. 

||-  }  C.   St.   Bartho- 

Am. 

Patagonia 

Atl.  Ocean 

60  45  W. 

iStaver.ger 

Eu. 

Norway 

Weft.  Ocean 

58  47  N. 

6  4sE. 

jC.  Stephen* 

Afia 

N.  Zealand 

Pacif.  Ocean 

40  36    S. 

X74  05  E. 

Stetin 

Eu. 

Germany 

Baltic  Sea 

53  36  N. 

15  25  E. 

'c.  Stiilo 

Eu, 

Italy 

Medit.  Sea 

38  23  N. 

17  07  E, 

■Port  Steven 

1 

Am. 

Chili 
1 

Pacif.  Ocean 

46  50   S. 

82   36W. 

' 

Stockholm 
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Names  of  Places. 


iStocIchoIm 
Itockton 
Straclfund 
Strangford  Bay 

Stromboli 
Succefs  Bajr 
Suez  Towa 
Sukadana 
I.  Suma-  C  NW.  end 

tra       I  SE.  end 
Sunderland 
Str.  Sunda 
Surinam 
Surat 
I.  Surroy 
Swaken 
Swally  Road 
Swan  fey 
Sweetnofe 
Swin,  a  fand 
Syracufe 
Syriam 

T 

Tadoufac  Fort 
I.  Tamarica 
Tamarin  Town 

B.  TanafTarin 
I.  Tandoxima 
Tangier 
Tanna 
Taoukaa 
Tarento 

C,  Tat'nam 

R.  Tees,  mouth 

Tegoantepec 

Tellicherv 

C.  Telling 

I.  Tenedos 

I.  Teneriff  (Peak) 

C.  Tenes 

I.  Tercera 

Terra  Nicva 

Ter\ere 

Tetuan 

I.  Texel 

C.  St,  Thadaus 

R.  Thames,  mouth 

C.  St.  Thomas 

I.  St.  Thomas 

St.  Thomas 

C.  Three  Points 

C.  Three  Points 

South  Thule 

I.  Tidore 

f    rr-  f  NE.  pt. 

I.T.mor  Jsw.pt. 

Tinmouth 

I.  Tino 

I.  Tobago 

Tobolfki 

B.  Todos  Sanftoj 


Cont. 


Eu. 

Eu. 

Eu. 

Eu. 

Eu. 

Am. 

Afric; 

Afia 

Afia 

Eu. 

Afia 

Am. 

Afia 

Eu. 

Africa 

Afia 

Eu. 

Eu. 

Eu. 

Eu. 

Afia 

Am. 

Am. 

Africa 

Afia 

Afia 

Africa 

Afia 

Afia 

Eu. 

Am. 

Eu. 

Am. 

Afia 

Eu. 

Afia 

Africa 

Africa 

Eu. 

Am. 

Eu. 

Africa 

Eu. 

Afia 

Eu. 

Africa 

Africa 

Afia 

Am. 

Afric 

Am. 

Afia 

Afia 

Eu. 

Bu. 

Am. 

Afia 

Am. 


Countries. 


Coaft. 


Sweden 

England 

Germany 

Ireland 

Italy 

T.  del  Fuego 

Egypt 

I.  Borneo 

India 

England 

Siam 

Terra  Firma 

India 

Lapland 

Abyffmia 

India 

Wales 

Lapland 

England 

I.  Sicily 

Pegu 

Canada 

Brafil 

I.  Socatora 

Malacca 

Japan 

Barbary 

N.  Hebrides 

Society  Ifles 

Italy 

New  Wales 

England 

Mexico 

India 

Ireland 

Natolia 

Canaries 

Barbary 

Azores 

N—  Main 

D.  Neth. 

Barbary 

D.  Neth. 

Siberia 

England 

Catfcrs 

Guinea 

India 

Terra  Firma 

Guinea 

Sandwich  la 

Molucca  Is. 

Molucca  Is. 

England 

Turkey 

Carribbce 

Siberia 

Brafil 


Baltic  Sea 
Germ,  Ocean 
Baltic  Sea 
Irifli  Sea 
Medit.  Sea 
Atl.  Ocean 
Red  Sea 
Indian  Ocean 

Indian  Ocean 

Germ.  Ocean 
Indian  Ocean 
Atl.  Ocean 
Indian  Ocean 
North  Ocean 
Red  Sea 
Arabian  Sea 
St.  Geo.  Cha, 
North  Ocean 
Ent.  Thames 
Medit.  Sea 
B.  Bengal 

R.  St.  Lawr. 
Atl.  Ocean 
Indian  Ocean 
B.  Bengal 
Pacif.  0<ean 
Atl.  Ocean 
Pacif.  Ocean 
Pacif,  Ocean 
Medit.  Sea 
Hudfon's  Bay 
Germ.  Ocean 
Pacif.  Ocean 
Malabar  Coaft 
Weft.  Ocean 
Archipelago 
Atl.  Ocean 
Medit.  Sea 
Atl.  Ocean 
Hudf.  Straits 
Germ  Ocean 
Medit.  Sea 
Germ.  Ocean 
North  Ocean 
Germ.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
B.  Bengal 
Atl.  Ocean 
Atl.  Occin 
Atl.  Ocean 
Indian  Ocean 

Indian  Ocean 

Germ.  Ocean 
Archipelago 
Atl.  Ocean 
Inland 
All,  Ocean 


Latitude. 


59  22  N 

54  33  N. 

54  ^3  N. 

54  ^3  N. 

38  42  N. 

54  50    S. 

29*50  N. 

I  00    S. 

i    5  15  N. 

•    5  07    S. 

54  55  N- 
6  10  S, 
6  30  N. 

21    10  N. 

71  00  N. 

19  30  N. 

21   55  N. 

51  40  N. 

68  08  N. 

5'  37  N. 

37  04  N. 

16  00  N. 


00  N. 

56  S. 

30  N. 
00  N. 

30  N. 

55  N. 

32  S. 

31  S. 

43  N. 

35  N. 

36  N, 

45  N. 
42  N. 
40  N. 

57  N. 
13  N, 

26  N. 
45  N. 

4  N. 
38  N. 

27  N, 
10  N. 
10  N. 

28  N. 
54  S. 
00 

00  N, 
51  N. 
48  N.,, 

34  S. 

35  N. 
20  S, 
23  s. 
03  N. 

33  N. 
15  N, 
12  N. 
05    S, 


Longitude. 


18   12  E. 
I  15W 

14  10  E. 
5  40  W. 

15  48  E. 
65  20 W. 

33  ^7  E« 
no  40  E. 

95  55  E- 
106  20  E. 

I  00  W. 

105  35  E. 

55  30 W, 

72  25  E. 

22  00  E. 

37  38  E- 
72  00  E. 

425W. 

34  4a  E' 
I   12  E. 

15  31  E. 

96  40  £. 

67  35W. 

35  05W. 
53  14  E- 
98  48  E. 

130  40  E. 

545W. 

169  45  E. 

145    4W. 

17  31  E. 

91   30W, 

0  52  W, 
96  23W. 
75  30  E. 
JO  07 W. 

26  14  E. 

16  24 W. 

1  53   E. 

27  01  W. 

67  2W. 

3  35  E. 

4  50  W. 
4  59  E. 

175  05  E. 

I  10  E. 
15  25  E. 

I  CO  E. 
80  CO  E. 
62  41  W, 

1  21  W. 
27  45  W, 

126  40  E. 

127  40  E. 
123   55  E. 

I  17W. 
25  43  E. 
60  27W, 

68  20  E. 

38  45  W. 


H.Watcr. 


5h.  X5m, 
10    30 


3     30 


- 


9    00 


3     00 


3     00 


3  00 

9  50 

0  45 

7  30 

1  30 


3     00 


Tontjuiu 
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Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Latitude. 

Longitude. 

H.W?t«r. 

Tonquln 

Afia 

India 

Pacif.  Ocean 

O           1 

zo  50  N. 

0     . 
JOS  55  E. 

Tonlberg 

Eu. 

Norway 

Sound 

58  50  N. 

10  05  E. 

Topfijam 

Eu. 

England 

Eng.  Channel 
Eng.  Chartnel 

50  37  N. 

3  27  w. 

6h.oom. 

Torbay 

Eu. 

England 

50  34  N. 

3  36  W. 

S     'j 

Torne* 

Eu. 

Sweden 

G,  Bothnia 

6s   51  N- 

24  16  E. 

R.  Tortof* 

Eu. 

Spain 

Medit.  Sea 

40  47  N. 

I  03  E. 

I.  Tortola 

Am. 

Antl.  Ide 

Atl.  Ocean 

tS  24  N. 

65  00 W. 

I.  Tory 

Eu. 

Ireland 

Weft.  Ocean 

55  09  N' 

8  30  W. 

5     30 

Toulon 

Eu. 

France 

Medit.  Sea 

43  07  N. 

6  oz  E. 

C.  Trefalga 

Eu. 

Spain 

Ad.  Ocean 

36  08  N. 

5  58  W. 

I.  Tremiti 

Eu. 

Italy 

Medit.  Sea 

42  09  N. 

15  40  E. 

C.  dc  Ties  forcas 

Africa 

Barbary 

Medit.  Sea 

35  30  N. 

2   iiW. 

I.  Traillcs 

Afia 

India 

Indian  Ocean 

19  30    S. 

101   25  E. 

I.  Trinity 

Am. 

Brafil 

Atl— Ocean 

20  25  s. 

23   35W. 

I.  Trinidada,  E.  pt. 

Am. 

Terra  Firma 

Atl.  Ocean 

10  38  N. 

60  27  W. 

Trinity  Bay,  Ent. 

Am. 

Newfoundl. 

Atl.  Ocean 

48  30  N. 

52  35W. 

Trieft 

Eu. 

Carniola 

Adriat.  Sea 

45  51  N. 

14  03  E. 

*•■ 

Trinquemali 

Afia 

I.  Ceylon 

Indian  Ocean 

8  so  N. 

83  24  E. 

Tripoli 

Afia 

Syria 

Levant 

34  53  N. 

36  07  E. 

Tripoly 

Africa 

Barbary 

Medit.  Sea 

32  54  N- 

13  10  E. 

G.Trifte 

Am. 

Terra  Firma 

Atl.  Ocean 

10  19  N. 

67  41  W. 

I.  Triftian  d'Acunha 

Africa 

Caffers 

S.  Atl.  Ocean 

37  «i   S. 

13  23  W. 

If.  Tromfound 

Eu. 

Lapland 

North  Ocean 

70  20  N. 

19  CO  E. 

Truxilla 

Am. 

Peru 

Pacif.  Ocean 

8  00   S. 

78  35W. 

Tunder 

Eu. 

Denmark 

Weft.  Ocean 

i;S  00  N. 

9  35  E- 

Tunis 

Africa 

Barbary 

Medit.  Sea 

36  47  N. 

10  i6  E. 

Turin 

Eu. 

Italy 

R.  Po 

45  05  ^'• 

7  45  E- 

I.  Turk? 

Am. 

Bahama 

Atl.  Ocean 

21   18  N. 

71  05W. 

Turtle  Illand 

Afia 
Eu. 

Pacif.  Occam 
Medit.  Sea 

19  49   S. 

39  30  N. 

.77  52  w. 

■     0  40  w. 

V 

Valcncli 

Spain 

St.  Valcry 

Eu. 

Franc* 

Eng.  Channel 

50  11  N. 

I  42  v.. 

10     30 

Valona 

Eu. 

Turkey 

Medit.  Sea 

40  55  N. 

21    15   E. 

Valparifo 

Am. 

China 

Pacif.  Ocean 

33  03    S. 

72   ,4W. 

Van  Diemen's  land 

Afia 

N.  Holland 

Indian  Ocean 

43  38   S. 

146  27  E. 

Vanncs 

Eu. 

France 

B.  Bifcay 

47   39  N. 

2  41  W. 

3    45 

C.  Veia 

Am. 

Terra  Firma 

At).  Ocean 

12   15  N. 

71  20  W. 

P.  Venus 

Afia 

Otohclte 

Pacif.  Ocean 

17  29   S. 

J4Q  3iW'. 

lO     38 

Venice 

Eu. 

Italy 

Medit.  Sea 

45  27  N. 

12     9  E. 

Vera  Cruz 

Am. 

New  Spain 

G.  Mexico 

19   12  N. 

97  2sW. 

C.  Verd 

Africa 

Negroland 

Atl.  Ocean 

14  45  N. 

17  28W. 

Vhma 

Eu. 

Sweden 

G.  Bothnia 

63  45  N. 

21    10  E. 

Viccgapatam 

Afia 

India 

B.  Bengal 

17  30  N. 

J!4  02  E. 

C.  Viftory 

Am. 

Patagonia 

Pacif.  Ocean 

52   15   S. 

74  28  W. 

Vienna 

Eu. 

Germany 

R.  Danube 

48  11  N. 

16  28  E. 

Vigo 

Eu. 

Spain 

Atl.  Ocean 

42  14  N. 

•3  23  W. 

B.  St.  Vincer.t 

Am. 

Paraguay 

Atl.  Ocean 

23  55    S. 

45   iiW. 

C.  St.  Vincent 

Eu. 

Portugal 

Atl.  Ocean 

37  01  N. 

8  58  W. 

I.  St.  Vincent 

Africa 

C.  Verd 

Atl.  Ocean 

17  47  N. 

24  44  W. 

I.  St.  Vincent 

Am. 

Carribbee 

Atl.  Ocean 

13  OS  N. 

61  05W. 

R.  St.  Vincent 

Africa 

Guinea 

Eth.  Ocean 

4  so  N. 

7  41  W. 

C.  Virgins 

Am. 

Patagonia 

Atl.  Ocean 

52  23    S. 

67  50W. 

I.  Virgins 

Am. 

Antil.  Ifie 

Atl.  Ocean 

18   18  N. 

64  14W. 

Virgin  Rocks 

Am. 

Newfoundl. 

Atl.  Ocean 

46  30  N. 

51  30  w. 

L'mba 

E«. 

Ruflia 

Inland 

66  40  N. 

34  15  E- 

C.  Vo'.o 

Eu. 

Turkey 

Archipelago 

39  07  N. 

23  23  E. 

R.  Voltas 

Africa 

Guiiea 

Atl.  Ocean 

5  52  N. 

I   10  E. 

C.  Voltas 

Africa 

Caffers 

Atl.  Ocean 

28  04   S. 

16  j8  E. 

Upf^il 

Eu. 

Sweden 

R.  Sala 

59  57.  N. 

17  47  E. 

Uraiiberg 

Eu. 

Denmark 

Baltic  Sea 

55  54  N. 

12   57  E. 

I.  Ufhar.t 

Eu.     . 

France 

Eng.  Channel 

48  30  N. 

5     oW. 

4    i*> 

I.  V'ltiC4 


11 


Book  VI. 


<j  E  O  G  R  A  P  H  r. 


399 


•  Names  of  Places. 

Cont. 

Countries. 

Coaft. 

Lat 

tude. 

Longitude. 

H.  Water. 

I.  Uftica 

Eu. 

Italy 

MedJt.  Sea 

o 
38 

4'3 

N. 

0      , 
13  33  E. 

I.  Vulcano 

W 
Priji.  Wales's  Ifles 

Eu. 

Italy 

Medit.  Sea 

38 

29 

N. 

15  33  E. 

- 

Afia 

New  Guinea 

Endeavour  St. 

10 

26 

S. 

141  00  E. 

R-.  Wager 

Am, 

New  Wales 

Hudfon's  Bay 

H 

28 

N. 

87  25W, 

6h.  00m. 

Wallis's  ine 
C.  WaUinshara 

Afia 
Am. 

Pacif.  Ocean 

•d 

18 

S. 

176  20W. 
77  48  W, 

New  Britain 

Hudfon's  Str. 

39 

N. 

12     00 

WarJhus 

Eu. 

Lapland 

North  Ocean 

70 

23 

N, 

51   12  E. 

Warfiw 

Eu. 

Poland 

R.  Viftula 

5* 

14 

N. 

21     5  E, 

Watcrford 

Eu. 

Ireland 

St.  Geo.  Ch. 

S^ 

07 

N. 

7  42  w. 

6     30 

Watling  IHe 

Am. 

Bahama 

Atl.  Ocean 

23 

42 

N. 

74  22  w. 

Wells 

Eu. 

England 

Germ.  Ocean 

53 

07 

N. 

I  00  E. 

6     00 

Weftern  Ifles 

Afia 

Diemcn's  la. 

Pacif.  Ocean 

43 

36 

S. 

147  00  E. 

Welleni  J  S.  point 
Iflffs     I  N.  point 

Eu. 

Scotland 

Weil.  Ocean 

46 

35 

N, 
N. 

7  40  w, 
6  37  W, 

If.  Wcftmania 

Eg. 

Iceland 

Weft,  Ocean 

63 

55 

N. 

17  30W. 

If.  Weltrol 

Eu. 

Lapland 

North  Ocean 

69 

15 

N. 

24  00  E. 

Wexford 

Eu. 

Ireland 

St.  Geo.  Cli. 

52 

13 

N, 

6  56  W. 

Weymouth 

Eu. 

England 

Eng.  Channel 

52- 

40 

N. 

2  34  w. 

7    ao 

Whale's  Back 

Eu. 

Iceland 

Weft.  Ocean 

63 

44 

N 

17  05 w. 

Whale's  Head 

Eu. 

Greenland 

North  Ocean 

77 

iS 

N, 

21   30  E. 

Whale  Rock 

Eu. 

Azores 

Atl.  Ocean 

38 

50 

N. 

24  41  W. 

Whitby 

Eu. 

England 

Germ.  Ocean 

54 

30 

N. 

0  50W. 

5    00 

Whitehaven 

Eu. 

England 

Irilh  Sea 

54 

25 

N. 

3  15W, 

, 

Whitfuntidc  I. 

Afia 

N.Hebrides 

Pacif.  Ocean 

16 

44 

S. 

168  25  E. 

Wicklow 

Eu. 

Ireland 

St.  Geo.  Cha. 

52 

50 

N. 

6  30  W. 

Willis's  Illes 

Am. 

S.  Georgia 

Atl,  Ocean 

54 

00 

S. 

38  25W. 

Wind  aw 

Eu. 

Courland 

Baltic  Sea 

57 

08 

N. 

22  20  E. 

n  fN.  end               -) 

f  SO  47 

N, 

I    iiW. 

i?)  S.  end                 ( 
^  ]  E. end                 f 

Eu. 

England 

Eng.  Channel 

3  50 

/  50 

34 
41 

N. 
N. 

1   loW. 
I  00  w. 

0    00 

'-(.W.end               J 

I  so 

41 

N, 

I  23W. 

;If.  Prince  William 

Afia 

Pacif.  Ocean 

16 

45 

S. 

177  55  E. 

jWiliam  Henry  I. 

Afia 

Society  Ifles 

Pacif,  Ocean 

>9 

00 

s. 

141 ■    6  E. 

Winchelfea 

Eu. 

England 

Eng.  Channel 

50 

5S 

N, 

0  50  E. 

0    45 

Wintertrtr.efs 

Eu. 

England 

Germ.  Ocean 

S3 

02 

N. 

I   22  E. 

9      PO 

|Wi(biiy  in  1.  Gotland 

Eu. 

Sweden 

Baltic  Sea 

57 

40 

N. 

19   50  E. 

C.  Wrath 

Eu. 

Scotland 

Weft.  Ocean 

58 

40 

N. 

4  50  E. 

Wjhourg 

Y 
Vamboa 

Eu. 

Finlana 

C.  Finland 

60 

55 

N. 

30  20  E. 

Afia 

Aral.Ia 

Red  Sea 

24 

25 

N. 

38  54  E. 

j  Yarmouth 

Eu. 

England 

Germ.  Ocean 

5^ 

55 

N, 

I  40  E. 

9    45 

;Ya>  de  Amber 

Africa 

Zan^ucbar 

Indian  Ocean 

0 

CO 

47   15  E, 

Yellow  Rivtr 

Afii 

China 

Pacif,  Ocean 

34 

06 

N. 

120  10  E. 

Ylo 

Am. 

Peru 

Pacif.  Ocean 

17 

36 

s. 

71  o8w. 

iCape  York 

Atia 

N.  Holland 

Endeavour  St. 

10 

41 

s. 

141  39  E. 

York  For: 

Am. 

New  Wiles 

HudfonS  Bay 

57 

02 

N. 

92  47  W. 

9     10 

York,  Xt,v 
Youghal! 

z 

Am, 

N.  England 

Atl,  Ocean 

4a 

43 

N. 

74  04 w. 

3      0 

Eu. 

I  re!  and 

St.  Geo,  Ch. 

51 

46 

N, 

8  06  W. 

4    30 

Z.-icattlj 

Am. 

Mexico 

Pac'f  Ocenn 

J-' 

ir 

N. 

105  ooW, 

Z^C!;Ce 

I.  /ant 

I.  Za,,.-t.r 
jZ.ro 

Am. 

A.Mtlllcs 

Atl.  Ocran 

18 

24 

N, 

67  52W. 

Fu. 

Italy 

Adii.uic  Sea 

37 

53 

N. 

21   30  E, 

Africa 

Zang'iebar 

Indian  Ocean 

6 

55 

S, 

40  10  E, 

Eu. 

Dalmitia 

Mcdit,  Sea 

44 

'5 

N, 

J  6  is  E. 

C34 

28 

s. 

172  44  E. 

"i  q  j  ,      . 

Afn. 

Pacif.  Ocean 

{ 

>r.-  ('••  !-"• 

I47 

20 

s. 

167  50  E. 

Zen. in  >     y 

Afn 

Ar.ibii 

Iiih.nd 

16 

■/o 

N. 

47  44  E. 

iZuiit  Scj' 

I.u. 

1>.  Ncih. 

Gcinj.  Occ-.tj 

3    00 

-iy- 
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Befides  the  times  of  high-water  in  the  preceding  table,  the  following 
times  ferve  for  eoafts  of  confiderable  extent,  and  will  ferve  nearly  for  tht 
places  on  thofe  eoafts. 

Finmark,  orNNW.  coaft  of  Lapland,  ih.  30m.  Jutland  Iflesoh.ona. 

Friefland  coaft  yh.  30m.    Zealand  coaft  ih.  30m. 

Flanders  coaft  oh.  om.    Picardy  and  Normandy  eoafts  lOh.  30m. 

Bifcay,  Gallician,  and  Portugal  eoafts  3h.  com. 

Irifli  W.  coaft  3h.  com.    Irifti  S.  coaft  5h.  15m. 

Africa  W.  coaft  3h.  om.    America  W.  coaft  ^h,  om. 

America  £.  coaft  4h.  30  m, 
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